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ABSTRACT 

, It is concluded, as a result of a S?! year study 
G'f underdrained sand filters, that such filters are an, 
effective alternative to conventional tile fields for sewage disposal 

Removal of Biochemical Oxygen Demand and Suspended 
Solids generally averaged over 90%. Phosphorus removal by 
the sand was approKimately 301; the addition of red mud 
to the filter beds increased phosphorus removal to over 
70%. 
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y _ ■ 1.0 INTRODUCTIQM 

■^' Recording tO' the 1971 Census (1) , abO'Ut 25% 

^•■•# O'f the dwellings in Ontario are on, private sewage dispo'sal 

p, ■ systems. The Ministry of Treasury, EcO'nomics and Inter- 

Oovernmental Affairs had approved (2) over 44,000 new lot,s 
for residential or O'ther development in unsewered areas of 

i'' the Province in the year 1970. In the U,S-A, (3) one 

p!"'' third O'f the liquid domestic wastes O'r about 3,000 MGD 

i 3 

'.. . (135 m /sec) are disposed of by private o^n site subsurface 

:■"' absorption systems and roughly one fourth O'f the new homes 

are being constructed with private disposal systems (4) . 

r Septic tank with tile field continues to be an 

|J_ - ' acceptable means of sewage disposal. However, in the areas 

I'- " where conventional tile field cannot be installed, septic tanks 
}"- 

with sand filter are generally considered to be an effective device 
^'- as an alternative fox' the disposal of household waste. 
'" • The specification by Salvato (5) for filter media 

•J' • calls fox a clean sand having an effective size between 0.3 mm ■ 
^' and 0.6 mm and a uniformity coefficient of not greater than 

t ■ The Housing and Home Finance Agency (6) recO'mmends 

^i;, an effective size of 0.25 to 0.50 mm and uniformity coefficient 

of not greater than 4.0. 

The Ohio Department of Health (7) specifies sand 

with effective size between 0.35 and 0.50 'mm, and uniformity 

coefficient not greater than 3,0. 
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- "" - According tO' Fair and Geyer (S) sands, having 
uniformity coefficients between 1 and 5 will have practically 
the same hydraulic characteristics provided the effective 
size of the sands is the same. 

Material with rigid specifications as mentioned 
above is often difficult to obtain in Ontario. 

It was decided to use the widely available sands 
classified at the gravel pits as "asphalt" sand, "block" 
sand, ''"medium" sand and "concrete" sand, etc.. Effective 
sizes between 0.15 and 2.5 nm and the uniformity coefficient 
between 1,2 and 4.4 were considered to be acceptable for 
this program:- After 4 months operation, however, filter 
medium of 0.15 mm and 0.19 mm in two of the beds which had 
clogged was replaced by sand with effective size of 0.24 
mm and uniformity coefficient of 3,9. Also in one filter bed 
"red mud" was used as chemical additive for observing its 
effect in removal of phosphates. The red mud is a waste by 
product of bauxite purification process and contains compounds 
of calcium, alumium and iron. (Appendix I) , 
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2 . 0' LOCATIOM 

The experimental facilities were constriicted on 

PrO'VinciallY owned land at the Whitby, Ontario' Hospital. 

Domestic sewage from, dwelling units occupied by the hospital 
staff was used for the studies. 

There were eight houses and a comfort station not 
connected into the hospital sewage system but instead,. their sewage was 
diverted to flow to a septic tank system as shown in Figure 1. 

The residents of these houses were full time 
hospital employees. Some of the residents were shift and 
some were daytime workers. The quality of the sewage is 
similar to that of a small community of residents of various 
ages and O'f various social-economic backgro'unds „ 

The site of the test facilities was located in 
the farm area of the hospital, situated north-west of the 
intersection of Victoria Street and Farm Road and close to 
the septic tank system,,. 
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. . ^ 3.0 BUILDING 

A timb'Sr building with plan dimensions of 
11. Om X 3,7 m (36 ft x 12 ft) and with a central tower, was 
erected. The building was equipped with electrical and 
water services . The pipe lines necessary to carry the 

sewage from the septic tank to the building and effluent 
from the building to the septic tank, as well as the electric 
dable for operating the pump in the septic tanki were installed. 

.. . Six filter boxes, three on the north and three 
on the south, are located outside and adjacent to the 
building. 

Figures No, 2, 3, 4 and 5 show the details (Appendix II), 
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4.0 PROCESS OUTLINE 



Til,© sewage was pumped from the dosing chamber o^f 
the septic tank intO' overhead holding tanks,, (Fig. 6) . Prom there 

it dischaxged by gravity downwards through regulating valves and 
measuring devices into the six do^sing tanks. These tanks 
were provided with electrically operated valves which 
permitted diecharge of sewage at the required frequency 
onto the corresponding filter beds. The beds contained 
filter media of different types and siEes . The treated effluent 
after quantity measurement,, was discharged into the tile 
field through the distribution chamber,, The entire system, 
was so a„r,ranged that the quantity o.f sewage cou,ld be varied 
to load the filters. Moreover, samples of the sewage and the 
treated effluent from each filter could be collected. 
The samples were sent to the Public Health Laboratory for 
bacteriological analysis and to the Ministry of Enviro^nment 
Laboratory for chemical analysis. 
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5.0 PLANT 



5.1 Septic Tank 

The septic tank (Figure 7) was made of poured-in- 
place concrete. It consisted of two retention compartments 
and a siphon chamber. The first compartment had a length, 
width and liquid depth of 2.6 m, 2.0 m and 1,2 m (8,5 ft,, 
6,5 ft., and 4,0 ft,) respectively. The second compartment 
had corresponding dimensions of 1.2 m, 2.0m and 1,1 m. 
The total capacity of the septic tank was to hold 8,900 1 
( 2 , 00 gal.) of s ewage . 

The siphon chamber had dimensions of 3,5 m x 2.0 m 
(11,5 ft, X 6,5 ft.) wide and was originally provided with 
a 10.2 cm (4 in.dia.) siphon discharging into a distribution 
chamber for the tile field. The siphon was removed and the 
height of the out-flow pipe raised to 36.8 cm (14,5 in.) 
for increasing the capacity of this chamber. The sewage 
pump had been installed in this chamber. The flow rate and 
the quantity of sewage collected over continuous 30 hours was 
measured. The volume collected in 24 hours was 6,350 1 
(1,400 gal. ) . 
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5. 2 Pump 

The sewage pump was a 2 horsepower, 220v., , 174 r.p.m. 
It operated on float control to start when the level of 
sewage reached a certain height and cut out when it reached 
the low level in the sump or when the overhead tank in the 
building was full. The automatic cut off arrangement protected 
the pump from running dry, also preventing overflow from, the 
ove rhe ad t a nk s .= 

A counter in the electric circuit indicated on the 
panel the number of times the electric pump operated, 
•5.3 Overhead Tanks 

There were two 1140 1 (250 gal.) each overhead 
tanks connected to their outlets through valves into a common 
discharge pipe. Sewage from the pumping chamber O'f the 
septic tank passed through the flow meter located at the 
ground floor, entered at the top of the overhead tank. 
The float control for the high and low level in this tank 
controlled the operation of the sewage pump. The outlet 
from the tanks was provided with an electrically operated valve 
in addition to the manually operated valves. An overflow 
pipe, with a connection for draining and cleaning the tanks 
when necessary, permitted return of sewage to the pump chamber 
O'f the septic tank. 

5 . 4 Proportioning Devices 

Proportioning device consisted of a galvanized iron 
tank 45,7 cm x 45,7 cm x 25.4 cm (18 in. x 18 in. x 10 in.) 
deep with tipping bucket arrangement for dividing the flow 
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into twO' equal volumes in the two pane of the tipping bucket. 
There were nine tipping buckets located on the second floor 
each provided with valves and connecting pipe work to permit 
varying the distribution of the quantity of the sewage for 
Ghanging the loading rates for the filters, Figure 7. 
5,5 Dosing Tanks 

There were six 114 1 (250 gal.) dosing tanks 
each provided with motorized valves in addition to the manually 
operated valves. The sewage from the tipping buckets could 
be stored in these tanks for dosing at the desired frequency, 
programmed with the motorized valves or allowed to pass through 
directly as a dribble flow to the filter beds. The motorized 
valves could be controlled by an electrically operated timing 
device. Figures 3 and 4.. 
5.6 Filter Boxes 

There were six rectangular filter boxes. They were 
3.7 m X 3,0 m x 1.2 m (12 ft.x 10 ft. x 4ft.) deep made up of 
1.9 cm (0.75 in.) plywood. Inside each box plastic sheet 
was used as a lining material. Figure 3, 

On the bottom of each box were two 2.4 m (8 ft.) 
lengths of perforated collector pipe, joined by a header. The 
outlet pipe from the box entered the building at the floor 
level and the effluent discharged into a tipping bucket. The 
quantity of sewage flowing out of the bed was measured. Above 
and around these collector pipes to a height of 15 cm (6 in.) 
from the bottom was 2.5 cm to 4 cm (1 in. to IJ5 in,) crushed 
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stone. This was followed by 0.76 m (30 in,) of the filter 
media. Above that was 5 cm (2 in.) of crushed stone, on 
which rested the three perforated distribution pipes 2.4 m 

18 ft.) long with a header and connected to the dosing tank. 
These distributor pipes were surrounded by crushed stone - 
The box was then covered with top soil. 

The filter media in the boxes had 'the following 
characteristics during Period I. 



Bed No. 


^10 "^ 


C 

u 


"K" « 


Dm/sec, 


4 


0.15 


2,8 


2,19 


X 


10-2 


l„ 


0.19 


4,4 


3,61 


X 


10-2 


1 


0.30 


4,1 


9.0 


X 


10-2 


i 


0.60 


2.7 


3.36 


X 


10-1 


1 


1,0 


2.1 


9,6 


X 


10-1 


« 


2,5 


1.1 


4.84 


X 


10 



"Asphalt "Sand 
"Concrete "Sand 
"Block "Sand 
Foundry Slag 
fine gravel with sand 
h" gravel 

The filter beds Nos. 2, 3, 5 and 6, since installation 
had been in use continuously. The beds Nos. 1 and 4 containing 
sands with effective sizes of 0,19 mm and 0.15 mm, respectively, 
which however, had clogged after about four months operation, 
were shut down and the sand replaced. The filter media 
characteristics for the six beds, as in operation for Periods 
II, III and IV are shown in the following table. 



Medium Sand (with 
red mud) 

'Block' Sand 

Foundry Slag 

Medium Sand (without mud) 4 

Fine Gravel with Sand 

%" Gravel 



Bed 


No. 


^10 ™" 


C 

u 


"K" cm/sec 


1 




0.24 


3,9 


2.6 X 10^^ 


1 




0.30 


4.1 


9.0 X lO"^ 


a 




0,60 


2.7 


3.36X lO"^ 


) 4 




0,24 


3.9 


2.6 X 10"^ 


5 




1.00 


2,1 


9,6 X lO"-'- 


f 




2.50 


1.2 


4,84 
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5 . 7 Collector Tippiiig Buckets 

For measuring the quantity of effluent from the 
collectors, each filter box had a tipping bucket similar 
to those mentioned before. These were located at the ground 
floor. The measured effluent discharged into the 10.2 cm 
(4 in.) drain pipe connected to the distribution chamber adjoining 
the septic tank, and then flowed into the tile field. 
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6.0 OPERATION 

The plant, with necessary calibrations, adjustments 
and repair of leaks had been in operation since S'Spteinber 19 69 to date 
Samples of the septic tank effluent and filtered effluents 
were delivered to the laboratory for analyses. Records were 
maintained for the amounts O'f fresh water used in the residences 
and the sewage pumped from the septic tank pump chamb^er to 
the overhead tank. Daily readings were observed from the 
counters attached to the tipping buckets to determine the 
quantities of sewage going in as well as that discharging out 
of each filter bed. 

The chemical and bacteriological analysis of 24 
hour compO'Site samples of septic tank and filter bed effluents 
were carried O'Ut by the laboratory for the variO'US indicators 
to determine the degree of treatment O'f the waste. A typical 
analysis is shown in Table I. These indicators were BOD, COD,. 
Nitrogen as free ammonia, organic nitrite and nitrate, 
phO'Sphates, solids suspended and total, surfactants as MBAS 
and coliform total and fecal. In addition, observations for 
temperature, pH values and dissolved oxygen content were recorded. 
Analysis O'f samples of raw sewage before discharging into the 
septic tank are given in Table 2. These are of composite from grab 
samples collected from the manhole nearest the septic tank, on 
three consecutive days for a period of 1^ hours each. 

Observatione for the average amount of water used per 
capita-day in the residences from 1969 to 1973 is given in 
Table 3- 

The statistical analyses (9) of laboratory results for 
the effluents is shown in Tables 4 tO' 37. 
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^n increase 1b the amount of sewage collected in 
the septic tank as compared to the amount of water used was 
observed. It was concluded that the increase was due to 
seasonal rise in the water table causing excessive infiltration, 
aggravated by cracks in the sewer line. The eaves troughs, 
which had originally been discharging rain into the sewer 
lines, were disconnected. 

During the summer months, the amount of sewage 
collected was far less than the amount of water used as 
recorded on water meters. That was apparently due to the 
water used in the sprinklers for the backyard gardens and 
also due to losing some water through possible cracks in the 
sewer lines. 

Filter beds 2, 3, 5 and 6 operated continuously 
without any serious problems. Filter beds 1 and 4, however, 
with filter media of D -, 0.19 and 0,15 mm respectively, after 
four months trouble free operation, showed signs of flooding 
and overflowing early in February 1970. After intermittent 
operation and running at reduced rate, they were shut down in 
July 1970. 

Filter media in beds Nos , 1 and 4 was replaced by sand 
with effective size of 0-24 mm and uniformity coefficient of 
3.9. A portion of the sand in bed No, 1 had been mixed with 
"red mud" obtained from Alcan's mining operations in the 
Province of Quebec. 

The septic tank was pumped out in DeceiriDer 1970 and 
again in April 1972 when the pump was overhauled. There were no 
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major maintenance problems excepting at times plugging of 

waste influent lines, breaking of the pivots of some of the 

tipping buckets or counters sticking, 

6 . 1 Sewage Loading Pattern for Filter Beds 

The operation of the system from September 19 6 9 to 

March 1973 had been divided into four distinct periods 

as fO'llO'WSi- 

Period I Sept. 2 8th. 1969 to July 23rd. 1970. 

Period II July 27th. 1970 to March 2nd. 1971. 

Period III March 3rd, 1971 to November 17th. 1971. 

Period IV Kov. 18th. 1971. to March 12th. 1973, 

For Periods I, II and III, the filter beds were 
loaded in the manner sewage effluent wO'Uld be discharging, 
from the septic tank intO' the soil, cO'irimO'iily known as the 
trickle or gravity flow. The rate initially used was 

49 1/m (1 gal/ft ) of filter area per day. In Period II 

2 - 2 
it was increased to 73 1/m (1.5 gal/ft ) per day for some of the 

filter beds on different dates. All the beds were loaded on the average 

2 2 

at 73 1/m (1.5 gal/ft ) per day during Period III. 

FO'r Period IV the loading pattern was changed. 

The septic tank effluent was discharged intO' the filters, 

after cO'lleating it in the feed tanks, through the automatic 

programmed timing device, every six hours. This procedure 

offered longer resting intervals in between doBings as would be 
in the case of systems using syphons or a pumping device. The 

loading rate was maintained at 8 00 1 (180 gal) per day, i.e. 

2 2 

7 3 1/m (1.5 gal/ft ) of filter area per day for all the beds 

as in Period III. The analysis of septic tank effluent for the 

four periods separately and for the entire period of operation, 

is shown in Tables 16 and 17 and Table 37 respectively. 
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6 , 2 Filter Bed No.l 

D, « - 0.19 mm. C =4.4 
Filter bed No. 1 was put into regular operation on 
October 6, 1969 with a loading rate of 49 1/m^ (1 gal/ft^) 
per day. Samples of the effluent were collected after 24, 48 
and 96 hours. These showed a good reduction of suspended 
solids? the values being in the range of 1.2 to 1.6 mg/1. 
The BOD valuet in the initial two samples, however, were 
22,5 and 43,5 ftg/l. The nitrate was less than 0,1 mg/1 N 
and the free ammonia was 6.6 mg/1 N or less. In subsequent 
samples there was a significant increase in the nitrate content 
and a decrease in the BOD. The system appeared to be settling 
down in about 2 weeks time. 

After about 33^ months steady operation, the dissolved 
oxygen content in the effluent, which had been in the range 
of 2 to 3 mg/1 dropped to 0.72 mg/l and continued generally 
so thereafter between 0.6 and 1,0 mg/1 oxygen, more often 
near the lower limit- There was a gradual decrease in the 
nitrate content and increase in the BOD. This indicated that 
the system was tending to become anaerobic with the possibility 
of clogging of the filter media at this sewage loading rate. 
The filter bed after 4^ months of operation showed 
signs of flooding and the sewage started overflowing in mid- 
February 1969, 

Two days rest period did not Improve operation of the 

system. However, when the sewage feeding rate was reduced to 

2 2 

24 1/m ih gal/ft ) per day after one week rest period there 

appeared to be a recovery in the system as the nitrate content 
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increased from less than 1 mg/1 for 3 consecutive weeks 

toi a range of 2,3 to 11.0 mg/1 and the maximum value fox 

BOD and suspended solids of 0' . B and 8.4 mg/1 respectively. 

2 2 

At the reduced sewage loading rate 24 1/m (% gal/ft | 

per day,, there appeared to be no problem with performance 

of the system,. On increasing the rate to 49 1/m ( 1 gal/ft ) 

per day after about 2 months operation at % rate the quality 

of the final effluent deteriorated. It became apparent 

that the filter could not handle the waste at 4 9 1/m^ (1 gal/ft^) 

per day sewage load. 

The examination of the bed showed that directly under 

the top soil cover, above the gravel was anaerobic sewage 

mixed with black sludge and live o^rganisms. The sludge was 

more concentrated around the distributor pipes. It appeared 

that the upper layer of the sand had clogged since, during 

raking and shoveling of the gravel, a break through the 

clogging interface, occurred,, resulting in the rapid discharge 

of waste through the sand. 

The filter media had treated the waste to^ produce 

an effluent with BOD and suspended solids, for 85%. of the time 

equal to or less than 7,0 and 5.0 mg/1 respectively (Tables 

4 and 5) . The values of free ammonia (N') however remained 

as high as 17 mg/1,, indicating that the nitrification process 

did not approach completion. 

The useful life of the system when loaded at 49 1/m" 

2 
(1 gal/ft ) per day was limited to approximately four months. 

At half of this or at lower loading rate the system could 

have operated satisfactorily for a much longer time. 
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Filter Bed Mo. 1 (New) 



D_^ = 0.24 mm C - 3.9 



The filter medium of Bed No, 1 was replaced by sand 
of effective size 0,24 mm,, and uniformity coefficient of 
3.9. In addition, the sand had been mixed with "red mud** 
obtained from Alcan Co. Ltd,, Province of Quebec, in a hand 
cement mixer to provide approximately 4% of red mud in 
the sand. This mixture was put on top of 33 cm (13 in) 
sand as a layer 20 cm (8 in) deep and on top of this again 
was the filter sand. The details of the filter bed and the 
analysis (physical and chemical) of red mud is given in 

Appendix I, 

2 2 

The waste feed at the rate of 24 1/m (h gal/ft ) 

per day was applied for 1% months before increasing it to 

2 2 

49 1/m (1 gal/ft ) per day. In November 1971 the loading 

pattern was changed to a programmed six- hourly sewage loading. 
The values of the various parameters are given in Tables 
4 and 5 . 

The BOD values in 85% of the samples during the 
three periods of operation were equal to or less than 5.5, 
8.4 and 3,9 mg/1 respectively. The corresponding values for 
suspended solids were 1.5, 1,5 and 6.0 mg/1. Considering 
three years operation, 19 70 to 1973, (Table 31) BOD and 
suspended solids in 85% of the samples were equal to or less 
than 6,4 and 3.6 mg/1 respectively. The phosphate Goncentration 
was lower than 2.7 mg/1 P. 
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6.3 Filter Bed No. 2 



D^ Q = 0,30 mm 



C =4.1 
u 



Filter Bed No. 2 was put into operation on October 
6, 1969 with a feed rate of 49 1/m (1 gal/ft ) per day. The 
BOD and suspended solids were reduced to 6.2 mg/1 and less 

than 1.0 mg/l respectively after 48 hours operation. It 
was after about a week that the oxidation of nitrogenous 

components started showing up. 

2 

The filter bed continued operating at 49 1/m 

2 

(1 gal/ft ) per day till October 26, 1970 when the feed rate 

2 2 

was increased to 73 1/m" {Ik gal/ft ") per day. In November 

1971 the bed was put on timer arrangement receiving septic 
tank effluent 4 times a day. The values for the various 
parameters for the four periods are shown in Tables 6 and 
7 and overall in Table 32. 

The values for BOD during the initial three periods 
in 85% of the samples were equal to or less than 7,0, 9,5 
and 9 . 4 mg/1 . The corresponding values for suspended 
solids were 3.1, 3.5, 7.0 and 8.1 mg/1. The free ammonia 
which had a value of 15 mg/1 N during the first period was 
reduced to^ 9.0, 2.8 and 0.8 mg/1 N in three subsequent periods* 

The values for BOD and suspended solids o^n the basis 
of the entire period were equal to or less than 8,0 and 4,9 
mg/1 respectively in 85% of the samples. (Table No. 32) 

6 , 4 Filter Bed No, 3 

2 . 4 



D^ ^ = 0,6 mm 



u 



Filter bed No. 3 containing foundry slag as filler 

media was brought into regular operation on October 7, 1969 
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,, -if 

2 7 

at the feed rate O'f 49 1/m (1 gal/ft ) per day. The 

BOD after 24, 48 and 96 hrs. of operation was 82, 40 and 
12,4 mg/l respectively. The corresponding suspended 
'solids were 31, 11 and 11.2 mg/l. After eight days operation 

the BOD and suspended eolids were 4.8 and 1,2 mg/l respectively 

The nitrification process was slow and the nitrate content 

was less than 0.1 mg/l till after 2 weeks of operation. 

The free a:mmO'nia during that period was high in the range 

of 33 - 36 mg/l N. After 1% months of start of the operation, 

the nitrate concentration increased to 38.6 mg/l N and 

the ammonia concentration dropped to 6,0 mg/l N. 

2 9 

The feed rate was increased to 7 3 1/m (1% gal/ft ) 

per day on October 26, 1970 and was changed to six-hourly timed 

loading pattern from November ,18: , 1971 at the same daily 
flow rate. 

The values for the various parameter for' the four 
test periods are given in Tables 8 and 9. It could be observed 
that there was no significant difference in the values of BOD 
as determined in 85% of the samples collected during the 
first three periods. These were 8.6, 8.1 and 8.8 mg/l. The 
corresponding values for suspended solids wem3,5, 2.4 and 
2.9 mg/l. During the last period BOD and suspended solids 
were 3.5 and 8,2 mg/l respectively. The values considering 
the entire period were BOD 6,6 mg/l and suspended solids 
5,0 mg/l or less in 85% of the samples respectively, (Table 
No. 33) . 
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6 . 5 Filter Bed No. 4 

Dt, . = 0.15 mm C =2.8 
10 u 

The filter bed was put into operation on October 

2 2 

6, 1969 at the sewage loading rate of 49 1/m (1 gal/ft ) 

per day. However, since there appeared tO' be some leaks in 

the outlet from the filter box, it had tO' be shut dO'wn for 

repairs and restarted on October 21, 196 9. The initial few 

samples had low BOD (7 - 8 mg/1) but relatively high Buependad 

so'lids. The suspended solids cointained appreciable amO'Unts 

of inorganics (18 - 50 mg/1) , possibly as fine sand and clay 

particles. By the end of the month, however, the values for 

BOD and euspended eolids had come down to 6.4 and 3.8 mg/1 

respectively. The nitrate content was less than 0.1 mg/1 N 

till 2 weeks from the start of the system when it started to 

increase. The value approached to 13.6 mg/1 in the following 

two weeks. The values of free ammonia continued to remain 

very high during operation of the system at this loading rate. 

These were up to 15 mg/1 N in 50% of the samples and up to 

21 mg/1 N in 85% of the samples. 

During the three month period effluent from the bed 
had been showing dissolved oxygen in the range of 2.8 to 
5.0 mg/l, Afterwards the D. 0. started decreasing and the values 
were often near 1.5 mg/l. This was an indication that the 
system was likely to become anaerobic at this loading rate 
with the possibility of clogging of the filter media. 

The bed on February 6, 1970 showed signs of ponding 
of sewage on the surface. This was soon followed by partial 
overflowing of the waste. The analysis O'f the overflowing 
liquid indicated that it was sewage of the same composition 
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as the input from the septic tank. 

On April 12, 1970, the feed rate was reduced to 

. _ 2 , 2 

24 1/m ih gal/ft ) per day, which stopped overflowing of 

the waste. This also reduced the free ammonia content in 

the final effluent with corresponding increase in nitrate 

and lower BOD and suspended solids. 

The values of the various parameters during the 

2 2 

period of operation at 49 1/m (1 gal/ft ) per day are shown 

la Tablfts 10 and 11. It was observed that the BOD and 
suspended solids in the effluent for 85% of the time were 
equal to or less than 6.5 and 3.0 mg/1 respectively. 

The gystem operated satisfactorily at half rate for 
almost two months and would have continued for a longer period 
at this rate, perhaps without causing any problems , It 
was, however, shut down in order to replace the media by another 
sand similar to that which was going to be used in the Bed 
Mo- 1 but mixed with "red mud" for the treatment of phosphates 
in the waste. The Bed No. 4 was to act as a control for 
studying phosphate removal by Bed No. 1. 

The bed was dug out on July 25, 1970. Since it had 

been shut down for 10 weeks, the filter sand had all dried up 

and nothing abnormal could be observed. 

Modified Bed No. 4 

D,^ = 0.24 mm C ^ 3.9 

10 u 

The bed was filled with sand of D_ ^ = 0.24 itm 

10 

and C =3.9, the same sand as for Bed No . 1 . The bed was 
u 

started on July 29, 1970 at loading of 24 1/m (h gal/ft ) 

2 2 

per day. The feed rate was increased to 49 1/m (1 gal/ft | 

per day on September 17, 1970. 



;.:f^ TT-- .-^y-' > '■■."^'YW 



- 21 - 

During operation of the system it had been obeerved 
that the outflow of the treated effluent was relatively less 
than the inflow. The checking of the calibration of the 
tipping bucket feed into Beds Nos. 1 and 4 indicated no error. 
There was no indication of any build-up of the waste in 
the bed nor were there any signs of ponding. Moreover,, the 
dissolved oxygen in the effluent had been 5.0 to 8.0' mg/l,, 
showing that the system was operating aerobically. About 
12 gallons (545 litres) of water was poured on different 
days over two different areas of the bed. In one caee, most 
of it was received at the effluent outlet whereas in the ' 
other case no effluent appeared. The cause of this difference 
could be attributed to some break in the plastic lining of the 
box through which the effluent could be discharging from the 
bottom O'f the bed, underground. 

In March 19 71 the loading rate was increased to 
73 1/m Hk gal/ft ) per day as was done simultaneously for 
Bed No. 1. The Qutcoming final effluent remained lesser than 
input. During a dye test mud turned green under the effluent 
receiving bucket confirming that there was a leak in the bed. 

The system was put on a six- hourly timed loading 

effective from November 18, 1971. it operated at a 

2 

1% gal/ft per day rate during this period. 

The values for the various parameters during the 
three periods are given in Tables 10 and 11. 

The BOD for the three periods in 85% of the samples 
was equal to or less than 7.4, 8.5 and 2.1 mg/1 respectively. 
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The corresponding values for the suspended solids were 1.6, 

6,5 and 9.5 mg/l. The values for total phosphorus were up 

to 11.9, 5.1 and 6.4 mg/l P during the three periods. 

The values for various parameters considering the 

entire period of operation under report are given in Table 34* 

•'■ 6 , 6 Filter Bed No. 5 

D, _ - 1.0 mm C = 2.1 

10 u 

Filter Bed No. 5 was commissioned on October 6, 

2 2 

1169 with sewage loading of 49 1/m (1 gal/ft ) per day. The 

BOD value in the sample of the effluent on the following day 
was i5,0 mg/l. It continued decreasing in successive samples. 
The values on the 3rd, 5th and 10th day were 28, 13 and 8 mg/l 
respectively. After two weeks operation it had come down to 
5 mg/l. The suspended solids in corresponding period after 
fluctuating between 8 and 65 mg/l were reduced to 2,5 mg/l. 
The nitrate concentration also increased but the corresponding 
free ammonia remained high, usually above 4 mg/l. From 
February 1970, however, free ammonia started decreasing to 
values often less than 1 mg/l and sometimes not detected at 
all during the first period of operation when BOD and suspended 
solids for 85% of the time were equal to or less than 6.2 
and 4,2 mg/l respectively* 

In July 1970, the top soil covering the filter was 
removed and the level of the distributor pipes was checked. 
The bed was again covered with the top soila 

The loading rate of sewage input was increased to 

2 2 

73 1/m Hh gal/ft ) per day, on March 5, 1971. On October 25, 

li?l the loading pattern was changed to six-hourly automatic time 

.feed. 



* 
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The values o^f the various indicatO'rs are shown In 
Tables 12 and 13 and those considered to be overall for the 
entire period in Table 35, 

The BOD for the four periods, 85%. O'f the time, was 
equal to or less than 6.2, 4.3, 5.9 and 6.2 mg/1 respectively. 
There was no significant change in BOD values with the increase 
of loading rate from 49 1/m' ' to 73 l/m^ ( 1 to 1^ gal/ft'^") 
per day or by trickle flow and six hourly controlled feed. 
The Buspended solids for the eorresponding periods were up 
to 4.2, 1.7, 1.8 and 10 mg/1. 

The value of free ammonia which was up to 13 mg/1 
N in 85% O'f samples during the first period, was reduced tO' 5.6 
mg/1 N in the second period and to 1 and 1,4 mg/1 N in the 
third and the fourth period respectively. 

On the baeis O'f the entire period of operation of the 
system, from Septe:mber 1969 to ,March 197 3 the values of B,OD 
and suspended solids in, 85% of the samples were equal to or less 
than 6.9 and 6.5 mg/1 respectively. 
6.7 Filter Bed No. 6 

D. ^ = 2 . 5 mm C = 1 . 2 

2 2 

Bed No. 6 was put into operation at 49 1/m (1 gal/ft ) 

per day on October 6, 1969, but had to be shut down on the 
following day to repair a leak in the collector pipe. It was 
restarted on October 15, 1969. After 4 8 hours operation, the 
BOD value in the final effluent was 6.6 mg/1 and suspended 
solids 9.2 mg/1. 

There was little oxidation of nitrogen compounds, 
the values for nitrate being less than 1 mg/1 N up to the 
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middle of November 1969. The free ammonia during the period 
had been general ly between 24 and 36 mg/1 N. 

In July 1970 the level of the distributor pipes 
was checked for this bed as for bed No. 5. 

During Period II there appeared to be 
a considerable reduction in free ammonia. The values for 
50% and 85% of the time were equal to or less than 4.9 and 
8.8 mg/1 respectively. In Period I the corresponding 

values were 8' , 8 and 27.0 mg/1 N, 

2 2 

The loading rate was increased to 73 1/m (1% gal/ft ) 

on March 5, 1971 and an autoinatic 6 hourly programmed feeding 

on November 18,1971, at the same rate. The system continued 

operating without any problem. 

The analyees fox the various indicators for the 
four periods are given in Tables 14 and 15 and for the entire 
period in Table 36. 

The values for BOD in 85% of the samples for the four 
periods were equal to or less than 10, 8,0, 13.0 and 17.5 mg/1, 
The corresponding values for suspended sO'lids were 10.5,, 7.6, 

9.1 and 28 mg/1. 

2 
It could be observed that with the rate of 1% gal/ft 

per day loading six- hourly produced an effluent with relatively 

much higher BOD and suspended solids, 19.5 and 28 mg/1 respectively 

as compared to the effluent with the same rate but loading as 
trickle flow input during period No. Ill when BOD and Buspended 
solids were equal to or less than 13.0 and 9.1 mg/1 respectively. 
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7.0 DISCUSSION 

:Ftcin the laboratO'ry analysee of the eamples collected 
daily fox a few days at the start o^f the studies it was 
O'bserved that the O'Xidation of nitrogen compounds of the 
waste into nitrates in the filter beds started at a much 
later date and too'k a relatively longer time for the stabilizatiO'n 
of the processes as compared to other compounds as indicated 
by BOD and suspended solids. The difference was more apparent 
in beds Nos . 5 and 6 . The reduction in BOD or COD and suspended, 
solid values was affected within 2 to 5 days. Although the 
nitrate content started increasing the free ammo^nia concentration 
remained high. It was not until after six months of operation 
that it dropped to 1 mg/1 . 

Filter beds 1 and 4 provided satisfactory treatment 

2 2 

for only 4 months at the loading rate of 49 1/m (1 gal/ft 1 

per day after which overflowing due to partial surface clogging 

of media O'ccurred. Then the two beds were refilled with a sand 

of effective size 0.24 mm and uniforrai't^ coefficient of 3.9. 

Bed NO'. 1 contained an 8 inch layer O'f the sand ml,xed with 

red mud. Filter beds 2, 3,3 and 6 have been in operation 

continuously without alterations since September 1969. 

For comparing the changes in performance, the 
statistical analysis of the laboratory results for the four 
pariods are shown together for each parameter Tables 18 to 30. 

During the season when the water table was high, the 
groundwater had been infiltrating into the sewage collection 
system. The problem was more acute during' period I¥ as 
indicated by the much lower values O'f the various parameterB 
in the analysis of the septic tank effluent. 
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7 . 1 BOD and COD - Tab lee 18 and 19 

The BOD values for 50% of the samples of the effluent 
from the six beds during each of the four Periods I to IV, 
while operating under different conditions of sewage input 
I.e. loading at 49 1/m^ (1 gal/ft^) per day, 73 1/m^ (1% gal/ft^) 
per day, as trickle flow or as on six hourly periodic 
feeding I were equal to or less than 5.4 mg/1. The BOD values 
in the septic tank effluent corresponding to the four periods 
were 86, 135, 110 and 55 mg/1. 

In 85% of the samples during Period I when all the 

2 2 

beds were receiving sewage at the rate of 49 1/m ( 1 gal/ft ) 

per day the values for BOD were equal to or less than 10,0 

mg/1. The lowest value of 6,2 mg/1 was for bed No. 5 and the 

highest of 10,0 rag/1 for bed Mo, 6, 

For Period II when the loading rate on beds Mos. 2 

and 3 had been increased from 49 1/m to 73 1/m (1 gal to 1% 
2 

gal/ft ) per day, bed No, 2 showed an increase in BOD from 
7.0 to 9.5 mg/1 whereas a decrease from 8.6 to 8.1 mg/1 for 

bed No. 3 was recorded. With the continuous operation of 

2 2 

beds No. 5 and 6 at 49 1/m (1 gal/ft ) per day for 1% years 

there appeared to be some improvement in the values of BOD 

and the values changed from 6.2 to 4,3 mg/1 and 10.0 to 8.0 

mg/1 respectively. 

During Period III, beds Nos. 1, 4, 5 and 6 were 

2 2 

operated at 73 1/m (1% gal/ft ) per day in addition to bed 

No, 2 and bed No, 3 already in operation at that rate. There 

was no significant change in the BOD of the effluents from bed 

No. 2 and bed No, 3 with the continued operation at the same 

rate' in case of beds Nos, 1, 4 and 5 however, which had 
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2 2 

previO'Usly operated at 49 1/m ' (i gal/ft ) per day an increase 

in BOD from 5.5 to 8.4 mg/l, 7.4 to 8.5 mg/1 and 4,3 to 5,9 mg/1 
respectively was observed, A significant increase in BOD 

from 8,0 to 13.0 mg/1 was only in case of bed No. 6 which 

contained sand with effective sdze of 2.5 mm. The percent 
of reduction of BOD for bed No. 6 was 94.3% as compared to 

97,4% in Period II. 

On changing the pattern of sewage loading of the filters 

in Period, I¥ from, trickle feed, tO' six-hourly but maintaining 

2 - 2 

the rate of sewage at 73 1/m (1^ gal/ft ) per day as in Period 

III there appeared to be a lowering of BOD in the effluents 

from Beds Nos. 1, 2, 3 and 4, The decrease in values could have 
been due to the low BOD of 159 mg/1 of the incoming septic tank 
effluent as compared to 230 mg/1 in Period III. In case of 
filter bed No. 5 and No. B, BOD increased from 5,9 to 6.5 mg/1 
and 13.0 to 17,5 mg/1 reBpectively . 

Any adva,ntage of providing lo^nger resting pe,riods in 
between 6 hoiurly sewage loading intO' the beds was not 
established. Appa,rently, the efficiency O'f treatment O'f filter 
bed Nos. 5 and 6 for BOD was reduced from 97.4% to 95.9% 
and from 94,3% to 88.9% respectively- The most adverse effect 
was on bed No. 6. The other filter beds showed an improved 
efficiency by 0.3 to 2.4%. 

The values of COD as expected followed in general a 
similar trend as ,BOD. I,n 85% of the sam,ples during Pe,riod III 
and IV these were in the range of 37 to 53 mg/1 and 23 to 74 mg/1 
respectively. The relatively high values for COD were for bed 
No. 6. The COD in, septic tank efflue,n,t for the correeponding 
periods was 335 and 327 mg/1. 
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7 • 2 Suspended Solids - Table 20 

In 50% of the samples of septic tank effluent In 
Periods I to I¥ the suspended solids were 72, 65, 64 and 
43.8 mg/l or less respectively. In corresponding 50% of 
samples of the effluent from the filter beds, suspended solids 
were equal to or less than 5.2 mg/l quite often less than 
1 mg/l excepting during Period IV in bed No, 6 when the 
suspended solids were 9.4 mg/l. 

There appeared to be a tendency for an increase 
ia effluent suspended solids with the change in the pattern of loading 
of sewage from trickle feed to six hourly feedt 

During Periods I and II the highest suspended solids 
were 10.5 mg/l from bed No. 6 and the lowest of 1,5 mg/l in 

bed No. 1. Excepting for bed No, 6 the values were generally 

2 
less than 5,0 mg/l with the increase in loading rate from 49 1/m 

2 2 

to 73 1/m (1 gal to l^s gal/ft ) per day in Period II for 

beds Nos. 2 and 3, Unlike BOD there was a slight decrease 
in suspended solids. The values were reduced from 5.0 and 3,5 
mg/l to 3,5 and 2,4 mg/l respectively, but again increased 
to 7,0 and 2.9 mg/l in Period III while operating at the same 
.rate, ' 

There was little effect of increased loading rate 
on bed Nos. 1 and 5 but suspended solids increased from 1.6 
and 7.6 mg/l to 6.5 and 9,1 mg/l in bed Nos. 4 and 6 respectively. 

During Period IV when the loading of the sewage was 
si3r- hourly, there was an iBcraase in concentration of suspended 
solids in effluent from all the beds. Filter beds Nos, 5 and 6 
had an increase from 1,8 and 9»1 mg/l to 12.0 and 28.0 mg/l 
with a change in efficiency of removal from 98,7% and 93.6% 
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to 8 8.5% and 73.0% respectively. In the other beds the 
reduction in efficiency was in the range of 3 to 5%. Beds 
Nos. 2, 3 and 4 had an efficiency of 92% and bed No. 1 had 
94.21. 

7 . 3 Volatile Suspended Solids - Table 21 

Volatile suspended solids were determined during 
Period II and III, In 50% of the samples during Period II 
the values were always less than 1.0 mg/1 for all the beds 
excepting bed NO', 6 which had, equal to or less than 1.1 mg/1. 
For Period III volatile suBpended solids were always less 
than 2.0 and 2,7 mg/1 for bed Nos, 4 and 6 respectively. 

In 85% of the samples in Period II the values 
of volatile suspended so'lids were always less than 1,0 mg/l 
for beds Nos . 1 ,, 2 , 4 and 5 but were up to 1 , 5 and 4 . 3 mg/1 
for beds No, 3 and 6 respectively. In Period III the volatile 
suspended solids were relatively higher and were in the range 
of 1.4 to 5.2 mg/1. Bed No. 6 had the highest value of 
5.2 mg/1, 

7.4 Nitrogen (Free J\mmo nia, Organic. Nitrite and Nitrate) 
Table! 22,, 2:3, 24 and 15, "^ ' ^ 

The starting and progreee of nitrification process 

varied in the filter beds from o^ne to six weeks. There appeared 

to be no correlation of this process with the grain size of the 

filter media. Filter bed No. 6 took O'ver five weeks befoxe effluent 

nitrate content started increasing from less than 1,0 mg/1, 

The free ammonia co^ntent had remained high in beds 1 , 2 , 4 and 

6 during the first five months of operation. 
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Filter bed No. 2 showed considerable decrease 
in ammonia from the middle of March 1970, whereas filter 
beds Nos, 1 and 4 showed little change till the beds failed* 
Filter bed No. 6 continued showing high free ammonia content 
during Period I» 

There was a significant improvement in stabilization 
of nitrogen compounds with the time of operation of the systenii. 
The free ammonia in beds Nos. 2, 5 and 6 which in 85% of the 
samples during Period I was equal to or less than 15, 13 and 
27 mg/1 N was rediiced to 9,4, 5.6 and 8.8 mg/1 N during Period II. 
There was further decrease in ammonia as indicated in Period IV 
when the corresponding values were 0.8, 1.4 and 3.2 rag/1. 

The septic tank effluent in 85% of the samples during 
the four periods had free ammonia equal to or less than 40, 37, 
15. S and 27 mg/l N. The efficiency of ammonia removal during 
the last period was 95% to 99% for bed Ncs. 1 to 5. For bed 
No. S it was 88,21. 

The presence of free ammonia and nitrite indicated 
that the oxidation of nitrogen compounds was not complete. 

The nitrate content in all the bads was in the range 
of 26.0 to 28.8 mg/1 N during the last period. The values 
were relatively lower than in the previous periods apparently 
due to weaker septic tank effluent for loading the beds during 
this period. 

7.5 Phosphorus - Table 26 

The concentration of phosphorus in the six beds duriiig 
Period I, after which the filter media in bed Nos. 1 and 4 had 
been replaced, for 851 of the samples was in the range of 15.3 
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tO' 18.6 mg/l„ The coxrespO'nding value for septic tank 

effluent was 22.2 mg/1 P. This represented an efficiency of 
removal of phosphorus to be 13.7 to 3 0. 5t. 

The new filter bed No. 1 which contained "red mud" 
as an additive and had been, put into operation at the beginninf 
of Period II produced an effluent containing phosphate of 2.4^ 
2,7 and 3.3 mg/1 P during the three periods of operation. 
This showed a phosphorus removal efficiency of 8 8.9, 79.4% 
and 72,5% respectively when compared to the corresponding 
septic tank effluent. In the case of filter beds Nos. 2, 3, 5 
and 6 the phosphorus removal was in the range of 26.3% to 36.2% 
wheo averaged over the entire period,. Fox bed NO'. 4, howeve,r,. 
(control for bed No. 1) the efficiency was approKimately 51%. 

There did not appear to be any direct correlatio'n, 
between the physical characterietics of the filter media used 
and the phosphate removal during the entire period of operation 
of the system. Apparently filter beds containing chemically 
active ingredients in sands we,re capable O'f rem,oving relatively 
m,ore pho'Sphate. The filter bed NO', 1 co^ntaining red mud reduced 
phO'ephO'rus cO'nsiderably and is likely to continue removing 
phosphorus at a much higher efficiency as compared to the beds 
containing chemically inactive filter media. However, there 
has been an indication of drop in the efficiency of removal of 
phosphate during the three years continuous operation of the 
system from 88.9% to 72.5%. 

7.6 MBAS - Table 27 

The septic tank effluent had Methylene Blue Active 
substances (MBAS) values for 85% of the lamples in the range of 
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5.0 to 11,8 mg/1 during the four periods. There was a 
considerable reduction during treatment in the filter beds 
and the concentration of BIBAS in the effluents was 0,66 to 
0.92 mq/1 or less when considered in 85% of the sample. 
In 501 of the samples however, these were 0.40 to 0.51 nig/l 
when the septic tank effluent had an average of 5.1 mg/1 
MBAS, Again no correlation could be observed between the 
filter media and the MBAS reduction. 
7.7 Total Solids - Table 28 



The values for total solids for 50% of the samples 
for all the beds during Period I were in the range of 660 to 
740 mg/1. In 85% of the samples the values were 800 to 
880 mg/1. The corresponding total solids in the septic tank 
effluent were 660 and 790 mg/1. There was a relative increase 
of solids in effluents from all the beds excepting from bed No. 6 
which had almoit the same values as were in the septic tank 
effluent. During Period IV after about 3% years operation of 
the system the total solids in 50% of the samples were between 
752 and 808 mg/1 and in 85% of the samples between 915 and 
1028 mg/1. The septic tank effluent had corresponding values 
of 747 and 939 mg/1. Increase in total solids in the filter effluents 
could be due to the oxidation of the compounds present in the 
septic tank effluent discharging into the filter beds, 
7.8 Coli forms - Tables 29 and 30 

There was considerable reduction in the total and fecal 
coliforms in the effluent from the beds as compared to that 
from septic tank. The counts however, were still very high. 
In 85% of the samples over the entire period of operation,! the 
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total coliform counts were between 218,000 and 9,923,000 
and the fecal coliforms were, 156,000 to 984 i 000 per 100 ml. 
Corresponding numbers in septic tank effluent were 31,694,000 
and 3,836,000 per 100 ml. Although no exact correlation 
between the grain size and the coliforms removal could be 
established for filter beds with D^^ = 0.15 to 0-6 mm, there 
appeared to be an increase in the counts with the grain size 
higher than 0.6 mm. Filter bed Mo. 5 (0^^ = 1.0 mm) had 

lU 
total and fecal coliform 3,352,000 and 249,000 per 100 ml. 

respectively. Filter bed No, 6 with D ^ ~ 2.5 mm had the 

corresponding counts of 9,923,000 and 984,000 per 100 ml. 

7 . 9 Water Usage - Table 3 

The water used by each family in the seven residences 

was found to vary over a wide range. The average for 3h years 

period ranged between 119 1 (26.2 gal) and 207 1 (45,6 gal) 

per person per day. On the basis of the community as a 

whole (24 - 32 persons) the average water usage was 168 1 

(37 gal) per person per day. 
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8 . RED MOD AND PHOSPHORUS REMOVMi 

In filter bed No. 1 treatiiient for phosphate was 
affected by the filter sand and by the presence of red mud 
containing compounds of calcium, aluminium and iron, The 
filter sand used in this and in the control filter bed No. 4 
apparently was capable of removing relatively more phosphates 
than the filter media used in the other beds. 

Phosphorus Goncentration in the effluent from filter 
bed No. 1 in 85% of the samples over the entire period of 
operation of the system i.e. from August 1970 to March 1973, 
was equal to or less than 2,7 mg/1 P. The corresponding 
values for filter bed No, 4 and for the septic tank effluents 
were 8,0 mg/1 P and 16.7 mg/1 P respectively. 

The efficiency of removal Qf phosphorus in the control 
filter bed No. 4 by sand only was 52,1% whereas in filter bed 
Ho, 1 by the sand and the red mud combined was 83.8%. During 
the initial nine months of operation of bed No. 1 the efficiency 
was estimated to be 89.9% whereas in the last period ending in 
March 1973 it was 79,4%. 

The total amount of septic tank effluent discharged 

into each of the two beds from July 1970 to March 1973 as 

6 
observed from records was 0.622 x 10 litres. 

On the basis of chemical analyses of the filter bed 

input and output streams for the two beds the quantity of 

phosphorus calculated was as follows s 



ri.i'l^-'P^r -.f^'f- i ^'■. 
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Amount of P in S.T. effluent ^ 4,720 gm (1) 

Amount of P in control filter bed effluent - 2,980 gm (2) 
Amount of P in Red Mud filter effluent - 995 gm (3) 

Phosphorus removed by sand only Cl"2) =1,740 gm 

Phosphorus removed by sand and 

Red Mud (1-3) - 3/729 gm 

Phosphorus removed by Red Mud 

only (2-3) = 1,689 gm 

^ 1.689 Kgm 

From the chemical analysis of red mud (Appendix I) 

the theoretical amount of this material required for phosphorus 

removal is in the ratio of 4:1. Consequently In order to 

remove 1,69 Kgm of phosphorus, the red mud required would be 

6,76 Kgm. 

The weight of red mud mixed as 4% in the 20 cm (8 in) 

deep layer 3,7 m x 3,0 m (12 ft x 10 ft) sand was 145 Kgm (320 lbs| . 

This amount on stoichiometric basis is expected to react with 

phosphates for removing 36.2 Kgm of P. Out of this, only 6.76 

Kgm or 18.6% is assumed to have reacted with the waste. This 

leads to the conclusion that the system should continue to operate 

effectively for a long time. In practice it has been observed, 

as stated earlier, that there is a tendency towards a steady drop 

in the efficiency of removal of the phosphates during 2% years 

operation. Apparently the removal of phosphates is dependent, 

besides some other factors, on the degree of surface adsorption 

110,11) and the solubility of the compounds involved in the 

chemical reactions. 
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Continued operation of the system might be able to 
indicate the useful life of the additives as mixed with sand 
in the filter bed. The values of phosphorus in the effluents 
from the septic tank, filter bed Nos. 1 and 4 have been 
plotted against time and the amount of sewage treated in 
Figure 8 i (Appendix III) , 



1'^::^-^r-r-\yi;^-'^''yw irr*^."-^'" ■ '^^ss^S*^ tt;-:-<-. .r-jwi^^'s!"^ •'iii'-^^^»Xf^w^^'^- ■' :^' ■£ ■>/■' r " . ^.'v ■.-■"■. •'9,y._- ■■^-.•^^ •=-i,<^-,«i5«5- •.- 



• 37 - 

9,0 CONCLUSIONS 

1. Filter beds containing "asphalt" sand (D . =0.15 mm) 

10 

and "concrete" sand (D- ^ = 0,19 ram) had a limited 

iU 

2 2 

useful life if loaded at 49 1/m (1 gal/ft ) per day. 

These would have operated satisfactorily for a much 
longer period if loaded at a lower rate. There 
were indications of clogging of the media at the 
infiltration surface after four months operation. 
During that period the effluents from the two beds 
(asphalt sand and concrete sand) had BOD equal to or 
less than 7.0 mg/1 and 6.5 mg/1 respectively in 85% 
of the samples. The corresponding values for suspended 
solids were 5.0 mg/1 and 3,0 mg/1. There was, however, 
relatively high free aiwnonia, up to 21 rag/1 N, in the 
effluents indicating that stabilization of nitrogeneous 
compounde was not completed, 

2, The operation of the filter beds, effective size 

of media in the range of 0-24 mm to 2,5 mm and uniformity 
coefficient of 1.2 to 3.9, for a period of 30 to 42 
months, has indicated that the filters were providing 

satisfactory treatm.ent. The bed when loaded with 

2 
Beptic tank effluent as gravity flow at 49 1/m 

2 
(1 gal/ft ) per day produced an effluent with a BOD 

of 6,1 mg/1 and 10,0 mg/1 or Imms for 50% and 85% 

of the time respectively. The corresponding values 

for suspended solids were 3,1 mg/1 and 10,5 mg/1. 
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9 

ftl increasing the sewage loading rate to 7 3 1/m 

2 

(1*1 gal/ft ) per day as gravity flow only filter 

bed containing pea gravel, effective size 2,5 mm 
showed an increase in BOD whan the values in 85% 
of the samples were equal to or less than 13*0 
mg/1 as Gompared to 10.0 mg/1 in Period II. 
For the other filter beds corresponding values 
for BOD were in the range of 5,9 mg/1 to 9.4 mg/1. 
The suspended solids from all the beds were in the 
range of 1,5 mg/1 to 9.1 mg/1. 

When the feed pattern was changed to once every 

six hours there was 

Ca) no significant change in the efficiency of 
treatment for BOD in all except the bed 
containing pea gravel (D, -. = 2,5 ram) for 
which the value increased from 13.0 mg/1 
to 17.5 mg/1. 

Cb) an increase in effluent suspended solids from 
all the beds. The values in general were up 
to 10.0 mg/1. These were significantly 
higher, 2 8.0 mg/1 for pea gravel (D,^ = 2,5 mm] 

The nitrification process was slow at first but 

during six months operation there was a gradual 

Improvement with time in the stabilization of 

nitrogeneous compounds . 



W. . .'^y "^ •: ^ - ''^"'P^- !P"®flpBfip»^' ?"»™' ;"^ ''^■™' '■'!'i^''^i*'pip)f'Ti; ^> ■ s"-,;.^**.- • ; .-;«:/".5«jBS,i«;'ii^-.y- ^^.■■rr-'.-p» -,:-- 



- 39 - 

i« The effluents from all the systems contained fecal 
coliforms; relatively more in the effluent from 
the filter bed containing gravel D^ . = 2.5 mm. 
There was, however, a considerable reduction in all 
cases when compared to septic tank effluent, 

'fm Tha efficiency of phosphorus removal by the filter 

media without chemical additive on the average was 
in the range of 26,3 to 36.2%, excepting for 
medium sand which showed 51,1% during one of the 
periods. 

The filter bed containing red mud had an efficiency 
of phosphorus removal of 88.9%, 79.4% and 72.51 for 
the three periods for 85% of the samples. A steady 
decrease in the efficiency was apparent but from the 
rate of decrease, the life of the system could be 
expected to be another 2 to 3 years before arriving 
at a level of 50% removal of phosphorus. 
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10.0 SUMMARY 

Underdrained filters, as an alternative to conventional 
tile fields, are considered effective in treating septic 
tank effluent. This conclusion is the result of a study 
initiated in 1969 regardiiig treatitient of the effluent by sands 
of different physical characteristics, i.e. effective size 
and uniforinity coefficient. 

The commonly available sands froin gravel pits used 
as filter media were in the range of 0,15 mm to 2.50 mm 

effective size and 1.0 to 4.5 uniformity coefficient. The 

2 
filters were loaded with the septic tank effluent at 49 1/m 

2 2 2 

(1 gal/ft ) per day and 73 1/m (1% gal/ft ) per day as trickle 

feed and at controlled frequency of four times a day as a siphon 

discharge. 

The filter beds, when loaded on the trickle septic 

tank discharga pattern, produced effluents with Biological 

Oxygen Demand (100^) and Suspended Solids (S.S.) in 85i of 

the samples equal to or less than 7 . 8 mg/1 and 4 . 6 mg/1 

respectively. The corresponding values for septic tank effluent 

being 237 mg/1 and 139 mg/1, the efficiency of treatment in each 

case was 96.5%. The filters containing sands, effective size 

0.15 nm and 0,19 wm had a limited useful life when loaded 

2 - 2 
at 49 1/m (1 gal/ ft ) per day. 

When the feed pattern was changed to once every six 

hours there appeared to be no significant change in the efficiency 

for BOD treatment in all the beds excepting bed containing 

pea gravel (D_- - 2,5 mm) where it declined to 89%, There 

was, however, a significant decrease in the efficiency of suspended 

solids removal, which varied from 85% to 931 for different 

filter beds, the lowest efficiency of 85% was for pea gravel. 
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The phosphorus removal by the filter media without 
chemical additives, on the average, was in the range of 26,3% 
to 36.2%. The filter bed containing "red mud", a wapte 
by-product of Bauxite purification containing oxides of 
calcium, aluminum and iron, however, showed an efficiency 
of 88.9%, 79.4% and 72,5% during the 1st. 2nd. and 3rd. years 
of operation respectively. 

The stabilization of nitrogeneous compounds was a 
relatively slow process and it took more than six months for 
some of the filter beds before satisfactory reduction in 
free aramonia was observed. 

Effluents from all the beds contained fecal 

6 
Goliforms, relatively greater in number (1,7 x 10 /lOO ml) 

from the filter sand of effective size 2,5 mn. 

The average water usage in the seven residences 

was in the range of 119 litres to 207 litres (26.2 gal to 

45-6 gal) per person per day. 



TABIil 1 



All anaiv^ 




























ma/litr» unless ottiotiMiM indicatsii T.ABORATORY ANALYSES OF EFFLUENTS* 












Municipalitf : Report to: 
















Whitby Project 
















Data Samplod: Aug. 2, 1972 by: 


» 
















S-Oay 
t i.O.D. 


s'u« 






NITIIOGEN AS N - 


PHOSPHORUS AS p 


Total 
Solids 


Coll forms 
10 3/1 1)0 ml 

Total Fsr»al 


Effluar 


Solids 


COD 


MBAS 


Free 
Annnonia 


Total 
Kjaidaiil 


Nitrite 


Nitratw 






Tot. 


SqI. 


ieptic 


























■*■ ^»^«*j. 


Tank 


160 


70 


300 


9.4 


37. 


45 


.03 


.16 


10. 


9.1 


670 


33,00 


) 2,20 


Filter 






s. 


1 










" 






! 




bedi 




























1 


1.8 


5 


<30 ■ 


0.5 


0.2 


1.5 


.01 


25. 


1.5 


1.4 


880 


61 


1? 


2 


0.6 





<30 


.0.1 


0.2 


1.0 


.01 


22. 


3.8 


3.7 


11(^ 


200 


25 


% 


0.8 





<30 


0.2 


0.1 


1.0 


.04 


37. 


5.5 


5.4 


800 


2300 


420 


4 


0.8 


5 


<30 


0.2 


0.1 


1.0 


.06 


30. 


6.0 


5.3 


890 


140 


61 


i 


. 4.0 


5 


<30 


0.4 


0,4 


1.5 


.03 


28. 


7.5 


6.8 


770 


720 


270 


6 


6.0 

1 


5 

i i 


30 


0.3 


2.0 


4.0 

i '! 


.22 

f 


24. 


8.0 

i 


7.1 


700 


7300 


390 




* Similar laboratory analyses are on file for 


the period - 












Sept«»iTrher 1969 to March 1973. 














■ 
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TABLE 2 



All anaiyMs 

mg/litre unless othsrwise 


indicated 


LABORATORY ANALYSIS 


OF RAW SEWAGE * 














Municipality: Report to: 
Sourctt: 

Data Sampled: September 28 - 30 1969. 


1969 


S-Day 
B.O.D. 


Susp. 
Solids 


COD 


MBAS 


NITROGEN AS N - 


PHOSPHORUS AS P 


Total 
Solids 


Colifisrms 

IOVdO ml 
Total Fecal 


Free 
Ammonia 


Organic 


Nitrite 


Nitrate 


Tot. 


Sol. 


Sept. 28 
" 29 

! ■•• 30 

1 

ii 

i 

! 
1 


735 

740 


583 
1860 
1720 

i 
i 

1 


794 
3792 
3264 

i 
1 


4.5 
5.2 
6.7 


41.6 
52.2 
53.3 


8.7 
10.5 
12.4 


0.11 

< 0.001 

< 0.001 

1 


< 1.0 

< 1.0 

< 1.0 

1! 

1 


17.6 
25.1 
37.5 

t 


! 1 
j 


999 
2064 
2972 


+. 
8.0 


+ 

0.8 

1 
1 


1 


* Composite of grab samples collected from M.H.5 (Fig. 1) every 15 
minutes between 0700 hrs. and 0830 hrs, 

ii 
[ 
I 
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TABLE NO. 3 





.s, 






WATER 


USAGE 








^ 








gal/person/day 










Residence 


1 


2 


3 


€ 


5 


i 


f 


U :^ 


Period I 


41.9 


19.8 


31.6 


32.4 


2B,4 


28.4 


38,3 


l' . 


Period II 


40-1 


24.5 


33.8 


40.3 


37.5 


41.0 


34.9 


k 


Period III 


53.1 


27.2 


37.7 


39.6 


39.8 


46.6 


56.5 




Period IV 


47.3 


33.3 


25.6 


36.0 


47.5 


30. i 


- 


-jt ,, 


Average 
















I'ji 


(gallons) 


45.6 


26.2 


32.2 


37.1 


38.3 


36.7 


43.2 


l--f ,^ 


C litres) 


207 


119 


146 


168 


174 


167 


196 



Community 

Average = 168 1 (37 gal) per person per day 



Period I Sept. 28, 1969 to July 23, 1970 
Period II July 27, 1970 to March 2, 1971 
Period III March 3, 1971 to November 17, 1971 
Period IV November 18, 1971 to March 12, 1973 



■•'iAr 
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Filter Bed No.l 
Dio" ^-^^ ^^^' ^u= '^•^ (Period I only) 
TABLE NO. 4 ^^^^ ^^34 mm; C^= 3.9 (Period II-IV) 

Statistical Analysis Effluent Quality 



*Period 


Daily 

Loading 

Rate 


Samples 


BOD 


** Val 
Suspended 
Solids 


ues Fqual to 
Volatile 
Sus-solids 


or less 

Total 
Solids 


than 
COD 

1 


MBAS 


Total 
Phos. P 




X 


49 l/m^ . 
(1 gal/ft^) 


15% 
50% 
85% 


3.0 
4.6 
7.0 


1.0 
1.8 
5.0 






■»■■ 


620 
700 
800 


26 
38 
54 


0.45 
0.94 
2.00 


3.26 

7,82 

18.25 




II 








Filter 


Med 


ia Changed 
















15% 


0.5 


<1.0 






<1.0 


640 


19 


0.28 


1.17 






49 l/m^ ^ 
(1 gal/ft2) 


50% 
85% 


1.7 
5.5 


<1.0 
1,5 






<1.0 
< 1.0 


700 
780 


27 
39 


0.47 
0.79 


1.63 
2.38 


1 


III 
























1 






15% 


0.7 


<1.0 






< 1.0 


680 


17 


0.29 


1.76 






73 l/m2 

(1.5 gal/ft2) 


50% 
85% 


2.7 

8.4 


<1.0 
1.5 






<1.0 
1.4 


750 
820 


25 
37 


0.43 
0.62 


1,76 
2.74 




IV 






























15% 


0.6 


0.4 






nm 


682 


- 


0.16 


0.86 






73 l/m2 

(1.5 gal/ft^) 


50% 
85% 


1.5 
3.9 


1.6 

6.0 






'■Hi 


808 
956 


^ 


0.29 
0.86 


1.70 
3.35 





Period I Sept, 28, 1969 to July 23, 1970 Period m March 3, 1971 to Nov. 17, 1971 
Period II Sept. 17 1970 to March 2, 1971 Period IV Nov. 18, 1971 to March 12, 1973 

** All Values in mg/1 . 






♦Period 



II 



III 



IV 



Daily 

Loading 

Rate 



49 l/m2 

(1 gal/ft2) 



Samples 



15% 

50% 
85% 





15t 


49 l/m2 


501 


(1 gal/ft2) 


85% 




I5t 


73 1/m^ ^ 
(1.5 gal/ft"^) 


50% 
85% 




m% 


73 1/m^ 

(1.5 gal/ft2) 


501 

85% 



•jvr. filter Bed No. 1 

- D.Q= 0.19 mm; C^= 4.4 (Period I only) 
TABLE NO. 5 ' ^^^^ q^2A mm; C^= 3.9 (Period II -IV) 

Statistical Analysis Effluent Cuality 

**V.-lues Equal tc or Less thrn 



Free 

Ammonia N. 


Organic 

N 


Nitri 


te 


Nitrate 
N 


Total 
Col i form 


Tbcb] 


9.8 


0.56 


0.12 




0.10 


8.5 


0.17 


13.0 


0.80 


0.43 




10.0 


iS 


5.0 


17.0 


1,15 


1.50 




50.0 


340 


140 



Filter Media Changed 



N.D. 


0.23 


0,02 


20.0 


0,06 


0.03 




0.06 


0.38 


0.17 


32.0 


0.71 


0.29 


•C:^ 


1,70 


0.62 


1.00 


52.0 


8.0 


4.2 


1 


N.D. 


0.28 


«. 


16.5 


0.14 


0.01 




0.06 


0.38 


0.05 


25.0 


34.0 


3.20 




1.50 


0.50 


0,53 


38.0 


840 


90.0 




0.02 


0.31 


0.02 


11.4 


0.38 


0.25 




0.06 


0.64 


0.02 


18.1 


4.7 


0.66 




0,25 


1,25 


0.02 


28.8 


59.2 


1.8 





* Period I Sept. 28, 1969 to July 23, 1970 
Period II Sept. 17, 1970 to March 2, 1971 



Period III March 3, 1971 to Nov. 17, 1971 
Period TV Nov. 18, 1971 to Karch 12, 197 3 



** 



All Values in mg/1 eKcept ColifDrms in thousands/100 ml. 



* 



" ""^^i^C. "'^'^^: 



■*-^^#» "• 



^^^ 



*Period 



% 



II 



III 



IV 



Daily 

Loading 

Rate 



49 l/m2 

(1 gal/ft2) 



73 l/in2 

(1.5 gal/ft2) 



7 3 l/m2 

(1.5 gal/ft2) 



73 l/m^ 

(1 gal/ft2) 



TABLE NO . 6 
Statistical Analysis Effluent Quality 

Samples 



15% 
50% 
85% 

15% 
50% 

85% 

15% 
50% 
85% 

15% 
50% 
85% 



10 



** Values Equal to or less than 
BOD Suspended Volatile Total COD 
Solids Sus-solids Solids 



1.2 


1.0 


2,9 


1.0 


7.0 


3,1 


3.8 


< 1.0 


6.1 


< 1.0 


9.5 


3.5 


0.9 


< 1.0 


2.9 


<1.0 


9.4 


1.0 


0.4 


1.0 


0.9 


2.4 


2.3 


8.1 



Period I Sept. 28, 1969 to July 23, 1970 
Period II Oct. 26,1970 to March 2, 1971 



<1.0 

< 1.0 

< 1.0 

< 1.0 

< 1.0 
4.2 



630 


730 


880 


600 


740 


900 


620 


730 


870 


619 


780 


1028 



Filter Bed No. 2 
=0.30 mm C^ = 4.1 



MBAS 



Total 
Phos. P 



21 


0.20 


5.87 


33 


0.54 


9.78 


53 


1.50 


16.30 


20 


0.33 


8.15 


32 


0.64 


10.67 


50 


1.25 


14.34 


18 


0.29 


3.03 


30 


0.43 


5.18 


53 


0.65 


8.80 


30 


0.14 


2.22 


30 


0.16 


3.59 


33 


0.19 


5.82 



Period III March 3, 1971 to 
Period IV Nov. 18, 1971 to 



Nov. 17, 1971 
March 12, 197 3. 






** All Values in mg/1 . 



TABLE NO. 7 

Filter Bed No. 2 



Statistical Analysis Effluent Quality 

♦Period Daily Samples **Values Equal to or Less than 

Loading Free Organic Nitrite Nitrate 

Rate Airanonia N. N W If 



15% 4.0 0.30 0.16 m 

49 l/m2 5C% 7.8 0.52 0.30 li 

(1 gal/ft2) g^^ ^ ^^^Q Q^gg ^^g^ ^ 



U 



III 



IV 



15% 2.1 0.29 0.35 If 

50% 4.5 0.48 0.52 IS 

85% 9,0 0.70 0.66 li 



15% N.D. 0.28 0.01 3Lf 

73 l/m^ ^ 50% 0,18 0,39 0.11 23.5 

85% 2.85 0.55 0.87 «i 



il,5 gal/ft2) 



15* 0.03 0.27 0.02 7.2 

73 l/m2 ^ 50% o,15 0.56 0.03 14.1 

85% 0.79 0.88 0,04 27.7 



(1.5 gal/ft2) 



^10 "0.30 


iran^u 4,1 




Total 

Colifcrm 


Fecal 




0,66 


0.06 




90 


10.0 




600 


160 


1 


0.4 


0.20 


1 


10,0 


3.5 




110 


6.0 




o.lO 


0.05 




10.0 


1.85 




970 


72,0 




0.62 


0.36 




10.9 


2.05 




191 


11.6 





* Period I Sept. 28, 1969 to July 23, 1970 Period III March 3, 1971 to Nov. 17, 1971. 
Period II Oct. 26,1970 to March 2, 1971 Period IV Nov. 18, 1971 to March 12, 1973. 

** All Values in mg/1 except Coliforms in thousands/100 ml. 



''iS^0^' 



M- 



TABLE NO . 8 
Statistical Analysis Effluent Quality 



'm 



Filter Bed No. 3 
= 0,6 Iran C = 2.7 



♦Period Daily 


Samples 




** 


Values Equal 


to 


or less 


than 






Loading 




BOD^ 
5 


Suspended 


Volatile 


Total 


COD 


MBAS 


Total 


Rate 

I 

49 l/m2 




Solids 




Sus-soli 


.ds 


Solids 


1 




Phos . P 


15% 


1.2 


1.0 




«, 




60 


21 


0.27 


8.15 


(1 gal/ft2) 


50% 


3.2 


1.0 




- 




720 


34 


0.48 


11.41 




85% 


8.6 


3.5 




- 




880 


51 


0.86 


16.30 


II 






















73 1/m^ 
(1.5 gal/ft2) 


15% 

50% 


0.9 
2.6 


<1.0 
1.0 




<1.0 
<1.0 




580 
660 


23 
37 


0.36 
0.66 


8.15 
12.06 




85% 


8.1 


2.4 




<1.5 




760 


59 


1.20 


17.60 


III 
























15% 


0.9 


<1.0 




<1.0 




640 


18 


0.47 


4.08 


73 l/m2 

(1.5 gal/ft2) 


50% 
85% 


2.7 
8.8 


<1.0 
2.9 




<1.0 
2.0 




720 
790 


27 

41 


0.72 
4.08 


5.71 
8.15 


IV 
























15% 


0.6 


0.8 




- 




595 


<30 


0.09 


2.59 


73 l/m2 
(1.5 gal/ft2) 


50% 

85% 


1.5 
3.5 


2.6 
8.2 




mm. 




660 
732 


<30 
30 


0.16 
0.31 


4.21 
6.82 






Period I Sept. 28, 1969 to July 23, 1970 
Period II Oct. 26,1970 to March 2, 1971 

** All Values in ir.a/1 . 



Period III March 3, 1971 to Nov. 17, 1971 
Period IV Nov. 18, 1971 to March 12, 1973 



♦Period 



Daily 

Loading 

Rate 



Samples 



TABLE NO. 9 



Statistical Analysis Effluent Quality 



Filter Bed No. 3 
D^Q = 0.60 mm C^ =2.7 



**Values Equal tc or Less than 
Free Organic Nitrite Kitrate Total 
Ammonia N. N N N Coliform 



Fec^l 



II 



III 



m 



49 l/m2 

(1 gal/ft2) 


15% 
50% 
8 5% 


73 l/m2 

(1.5 gal/ft2) 


15% 

50% 




85% 




15% 


73 l/m2 

{1.5 gal/ft2) 


50% 
85% 


73 l/m2 

1.5 gal/ft2} 


15% 
50% 
85% 



0.1 


0.17 


0.19 


19 


0.52 


0.18 


3.1 


0,35 


0.60 


27 


35.0 


4.40 


8.0 


0.76 


1.90 


40 


2,000 


100 


N.D. 


0.28 


0.08 


20 


0.95 


0,27 


1.0 


0.42 


0.26 


32 


30.0 


6.20 


8.0 


0.64 


0.84 


52 


POO 


40.0 


N.D. 


0.28 


0.01 


19 


©.51 


0.07 


N.D. 


0.40 


0.03 


27 


46 


4.40 


6.2 


0.57 


0,32 


39 


3100 


270 


Q.02 


0.31 


0.02 


12 


13.7 


1.97 


0.12 


0.57 


0.04 


19 


226 


27.10 


0.62 


0,78 


0.07 


29 


3724 


372 



o 



* Period I Sept. 28, 1969 to July 23, 1970 
Period II Oct. 26, 1970 to March 2, 1971 



Period III March 3, 1971 to Nov. 17, 1971 
Period IV Nov. 18, 1971 to March 12, 1973 



** 



All Values in rog/1 except Coliforins in thousands/lOO ml. 



r?9i^^ ■*.. *; ;;:^,5«'-»'^-^^5F3^"^^''°''?*^ '■''''" ^'^ ■ ■' v-^-^f \ '' 



Filter Bed No. 4 

D-LQ- 0.15 ram C^= 2.8 (PeriodI) 

TABLE NO. 10 ^10= 0.24 mm C^= 3,9 (Period II 

Statistical Analysis Effluent Quality ^^^ 

*Period Daily Samples ** Values Equal to or less than 

Loading BOD Suspended Volatile Total COD MBAS Total 

Rate Solids Sus-solids Solids Phos. P 

1 49 1/mp ^ „_ 

(1 gal7ft2 ^5^ 2.1 1.0 " 580 21 0.29 5.87 

50% 3.7 1.3 - 720 33 0.48 10.43 

85% 6.5 3.0 - 910 53 0.78 18.91 



11. 



Ill 



15% 0.3 <1.0 <1.0 650 14 0.30 7.01 
^^_l/^^...o. qnSi 1.4 <1.0 <1.0 730 22 0.45 9.13 



( 1 gal/ft2) 



50% 

85% 7,4 1.6 <1.0 820 36 0.65 11.90 



(1.5 gal/ft2) 



3.7 


1.3 


— 


6.5 


3.0 


«, 


Filti 


er iledia 


Changed 


0.3 


< 1,0 


< 1.0 


1.4 


< 1,0 


<1.0 


7,4 


1.6 


< 1.0 


l,i 


1.5 


1.0 


4*1 


3,1 


2.0 


i«i 


6.5 


3.9 


0*6 


0.6 


. 


1.1 


2.4 


- 


2.0 


9,5 


- 



15% l,i 1.5 1.0 690 11 0.27 4.24 

"!; y^_. ,^..ox 50% 1^1 3,1 2.0 770 26 0.39 4.56 

85% i,i 6.5 3.9 850 35 0.55 5.05 



15% O.i 0.6 - 685 1 - 2.65 

^73 1/m o sn% 11 2 4 - 819 f - 4.10 

(1.5 gal/ft2) ^0* ^'^ ^'^ 

85% 2.0 9,5 - 979 24 - 6.45 

Period I Sept. 28, 1969 to July 23, 1970 Period III March 3, 1971 to Nov. 17, 1971 

Period II Sept. 17 1970 to March 2, 1971 Period IV Nov. 18, 1971 to March 12, 1973 

** All Values in mg/1. 



en 



Filter Bed No. 4 



*Period 



Daily 

Loading 

Rate 



Samples 



TABLE NO . 11 



D^Q= 0.15 mm; C^= 2.8 Period I only) 

(Period II -IV) 



Dio= 0.24 mm; C^^= 3.S 
Statistical Analysis Effluent Cuality 

** Values Equal tc or Less tnan 
Free Organic Nitrite Nitrate- Total 
Ammonia N. W 1 % Ccliiorr 



recajL 



II 



III 



m 



49 l/m2 

( 1 gal/ft2) 



49 l/m2 

(1 gal/ft2) 



73 1/m^ 

(1,5 gal/ft2) 



73 l/m2 

(X.5 gal/ft^) 



15% 
50% 
85% 



15% 
50% 
85% 

15% 
50% 
85% 

15% 
50% 
85% 



2.5 


0.29 


0.12 


12 


0.20 


0.007 


15.0 


0.60 


0.42 


19 


14.0 


1.500 


21.0 


0.94 


1.50 


29 


700 


350 



1.50 



Filter Media Changed 



N.D. 


0.17 


0.01 


29 


0,04 


0.004 


1 


N.D. 
2.3 


0.31 
0.57 


0.08 
1.80 


44 
66 


1.45 
60.0 


0.290 
18.0 


! 


N.D. 
0.01 


0.44 
0.52 


0.01 
0.02 


18 
26 


0.37 
5.0 


0.05 
0.43 





0.06 



0.70 



37 



68 



3.5 



0.03 


0.30 


0.02 


12 


0.34 


0.39 


0,08 


0.50 


0.03 


18 


10.7 


1.7. 


0.29 


0.75 


0.04 


26 


336 


7.50 



* Period I Sept. 28, 1969 to July 23, 1970 
Period II Sept. 17 1970 to March 2, 1971 



Period III March 3, 1971 tc Nov, 



1971 



Period IV Nov, 18, 1971 to March 12, 1973 



** All Values in mg/1 except Coliforms in thousands/10 ml 



♦Period 



II 



III 



m 



Daily 
Loading 



TABLE NO. 12 
Statistical Analysis Effluent Quality 



10 



Samples 



BOD. 



** Values Equal to or less than 
Suspended Volatile Total COD 



Rate 




D 


Solids 


49 l/n2 

(1 gal/ft2) 


15% 
50% 
85% 


1.2 
2.8 
6.2 


1/0 

1.6 

. 4.2 


49 l/m^ 

(1 gal/ft2) 


15% 
50% 
85% 


0.6 

1.6 
4.3 


<1.0 

<1.0 

1.7 




15% 


0.6 


<1.0 


73 l/m2 


50% 


1.9 


laO 


(1.5 gal/ft2) 


85% 


5.9 


1.8 


73 l/n2 

(1.5 gal/ft2) 


15% 

50% 


0.8 
2.3 


2.3 
5.2 




85% 


6.5 


10.0 



Sus-solids 



Period I Sept. 28, 1969 to July 23, 1970 
Period II Jul. 27 1970 to March 2, 1971 

** All Values in mg/l* 



<1.0 
<1.0 
<1.0 

<1.0 

<1.0 

1.5 



Solids 

620 
715 
880 

620 
720 

840 

665 
720 
770 



649 
776 

928 



22 

33 
38 



16 
26 
43 

12 

19 
32 



<30 
<30 

<30 



Filter Bed Mo. 5 
^ 1.0 mm C^ = 2.1 



MBAS 



0.24 

0.50 
1,00 



0.30 
0.50 
0.84 

0.30 
0.44 
-.63 



0.16 
0.17 



Total 
Phos. 



6.52 
9.78 

15.32 



8.31 
11.73 
17.28 

4.73 
6.36 
8,47 



2.70 
4.27 



0,19 6.75 



Period III March 3, 1971 to Nov. 17, 1971 
Period IV Nov. 18, 1971 to March 12, 1973 






♦Period 



Daily 

Loading 

Rate 



49 1/m^ - 
(1 gal/ff^) 



Samples 



15% 

50% 
85% 



TABLE NO. 13 

Statistical Analysis Effluent Quality 

**Values Equal to or Less than 
Free Organic Nitrite Nitrate 
Airanonia N. N K N 



0.30 
13 .0 



0.17 
0.42 

1,05 



0,10 
0,40 

1.60 



16 
25 



Fill. 
^10 =^- 


=r 



Be 
mm 


d No3 

C.. - 2.1 

u 


Total 
Colifi 


orm 


recal 


0.34 






0,13 


m 






7.0 


4300 






450 



II 



III 



m 





15% 


49 l/m2 
(l^gal/ft^) 


50% 
85% 




15% 


73 l/m2 

(1.5 gal/ft2) 


50% 
85% 




15% 


73 l/m2 


50% 


(1.5 gal/ft2) 


85% 



i*i 

N.D. 

N.D. 
1.1 

0.02 
0.18 
1,4 



* Period I Sept, 28, 1969 to July 23, 1970 
Period II Jul 27, 1970 to March 2, 1971 



0.26 
0.41 

0,63 

0.32 
0.39 
0.48 

. 49 

0.81 
0.92 

Period III March 3, 1971 to Nov. 17, 19 71. 
Period IV Nov. 18, 1971 to March 12, 1973. 



0.03 


19 


0.19 


0.14 


31 


6.6 


0.73 


50 


250 


0.01 


15.5 


0.63 


0.02 


25.5 


57 


0,21 


42.5 


5200 


0.02 


10.3 


m 


0.05 


17.0 


STS 


0.11 


28.2 


9430 



0.09 
3.00 
100 

0.07 
6.50 
600 

6.64 
73.2 
807 



1 



** 



All Values in mg/1 except Colif orms in thousands/lOO ml. 



■y-^^^m\. 



TABLE NO. 14 

Statistical Analysis Effluent Quality Filter Bed No. 6 

D^-, =2.5 mm C =1.2 
10 u 

*Period Daily Samples ** Values Equal to or less than 

Loading 
Rate 



II 



,1,11 



IV 





BOD 


Suspen 

Solids 


15% 


2.7 


1.8 


50% 


5.2 


4.3 


85% 


10.0 


10 . 5 


15% 


1.8 


< 1.0 


50% 


3.8 


2 . 3 


85% 


8.0 


7.6 


15% 


2.5 


1.5 


50% 


5.4 


3.7 


85% 


13.0 


9.1 


15% 


1.8 


3.0 


50% 


5.4 


9.0 


8 5% 


17,5 


28.0 


1969 


to July 2 


2, 197C 



Volatile 


Total 


COD 


KBAS 


Total 


Sue- solids 


Solids 






Phos. 


<«« 


540 


26 


0.31 


7.50 


-^ 


660 


45 


0.55 


10.76 


-^ 


800 


78 


0.96 


15.65 



49 l/m2 

(1 gal/ft^) 

2 ^^^ 1-2 < 1-^ < 1-0 545 23 0.36 7.50 ^ 

(1 aal/-Pt2) 50% 3.8 2.3 1.0 620 39 0.61 11.90 

4.3 715 64 1.00 18.91 

1.4 

73 l/m2 50% 5.4 3.7 2.7 
(1.5 gal/ft2) 



5.2 



580 


14 


0.31 


4.08 


660 


25 


0.58 


6.03 


760 


44 


1.10 


9.13 



618 


< 30 


0.18 


2.71 


752 


< 18 


0.31 


4.72 


915 


74 


0.55 


8.22 



73 1/n^ 

(1.5 gal/ft2) 

Period I Sept. 28, 1969 to July 23, 197C Period IIIMarch 3, 1971 to Nov. 17, 1971 
Period IlJul. 27, 1970 to March 2, 1971 Period IV Nov. 18, 1971 to March 12, 1973 

** All Values in mg/1. 



♦Period 



Daily 

Loading 

Rate 



Samples 



TABLE NO. 15 



Statistical Analysis Effluent Quality 



Filter Bed No. 6 

D = 2.5 ram C =1.2 

10 u 



**Values Equal to or Less than 
Free Organic Nitrite Nitrate Total 
Ammonia N. N N N Coliform 



Fecal 





15% 


49 l/m2 

(1 gal/ft2) 


50% 
85% 



2.9 


0.31 


0.26 


11 


10 


2.2 


8.8 


0.76 


0.64 


M 


540 


38.0 


7,0 


1.90 


1.60 


i4 


8000 


640 



II 



III 



IV 



49 l/m2 

(1 gal/ft2) 



73 l/m2 

{1.5 gal/ft2) 



73 l/m2 

(1.5 gal/ft2) 



15% 
50% 
85% 

15% 
50% 
85% 

15% 
50% 
85% 



2.7 


0,29 


0.18 


9.6 


0.88 


0.70 


4.9 


0,48 


0.39 


21 


67 


31.0 


8.9 


0.80 


0.85 


m 


6000 


1500 


0.03 


0,25 


0.03 


10.3 


3.5 


0.93 


1.05 


0.35 


0.32 


21,8 


45 


36 


4.70 


0.48 


1.20 


37, 


13,000 


1400 


0.87 


ii. 


0.03 


4.4 


210 


33.2 


1.68 


0.44 


0.15 


10.9 


1891 


241 


3.23 


6.64 


0.69 


27.1 


17,051 


1757 



en 



* Period I Sept. 28, 1969 to July 23, 1970 
Period II Jul. 27, 1970 to March 2, 1971 



Period III March 3, 1971 to Nov. 17, 1971 
Period IV Nov. 18, 1971 to March 12, 1973 



** All Values in mg/1 except Coliforms in thousands/100 ml 



* 



w^"-ri::/!r'^ipf?5^'— f^- 



TABLE NO, 16 
Statistical Analysis Effluent Quality 



Septic Tank Effluent 



^Period 



11 



III 



IV 



Daily 

Loading 

Rate 



N.A 



IJ.A 



N . A . 



Samples 



** Values Faual to or less than 





BOD3 


Suspende 
Solids 


d Volatile 
Sus-solids 


Total 
Solids 


COD 


MBAS 


Total 
Phos. 


15% 


43 


45 


_ 


550 


82 


2.2 


6.52 


50% 


8S 


72 


- 


660 


180 


3.3 


12.06 


85% 


170 


180 


«. 


790 


400 


5.0 


22.17 


15% 


5a 


28 


9.5 


520 


140 


5.0 


8.64 


50% 


135 


65 


28.5 


580 


245 


7.6 


13.53 


85% 


310 


153 


92.0 


660 


435 


11.8 


21.51 


15% 


53 


29 


25.0 


590 


110 


3.1 


4.82 


50% 


110 


64 


57.0 


682 


190 


5,8 


7.89 


85% 


230 


142 


1300 


790 


335 


10.9 


13.36 


15% 


19 


18 


.,JM 


595 


m 


1.5 


2.03 


50% 


55 


44 


■■ 


747 


126 


3.5 


4.92 


85% 


159 


104 


m 


939 


327 


7.9 


12.0 



Period I Sept. 28, 19 69 to July 23, 19 7 
Period II Jul. 27, 1970 to March 2, 1971 



Period III March 3, 1971 to Nov, 17, 1971 
Period IV Nov. 18, 1971 to March 12, 1973 






** All Values in ir.g/l . 



TABLE NO. 17 



Septic Tank Effluent 



Statistical Analysis Effluent Quality 



•Period 



Daily 

Loading 

Rate 



Samples 



**Values Equal to or Less thrn 
Free Organic Nitrite Nitrate Total 
Airanonia N, N N N Ccliform 



Fecal 



N.A, 



15% 
50% 
85% 



17.0 
26.0 

40 . 



1.3 
1.8 
2,5 



0.001 
0.001 
0.015 



0.1 
0,1 
1. 



7,400 
8,000 
8,000 



250 
800 
800 



II 



III 



IV 



N.A. 



N.A. 



N.A, 



15% 
50% 
85% 

15% 
50% 
85% 

15% 
50% 
85% 



14.3 
23.0 

37.0 

9.8 

12,2 
15.5 

5.1 
12.2 
27.9 



* Period I Sept. 28, 1969 to July 23, 1970 
Period II Jul, 27, 1970 to March 2, 1971 



0.8 
1.7 
3.5 

0.7 
0.9 
1.2 



14,0 



0,001 


0.1 


O.COl 


0.1 


0.092 


0.9 


0.001 


0,1 


0,001 


0.1 


0.007 


3.7 


0.013 


0.1 


0.042 


0,1 


0,140 


1.2 



2,100 

9,100 

42,000 

2,550 
21,500 
80,000 

2,185 
7,636 
26,585 



730 

2,200 

6,600 

500 
2,600 
8,000 

302 
1,047 
jl,622 



Period III March 3, 1971 to Nov. 17, 1971. 
Period IV Nov. 18, 1971 to March 12, 1973. 






** 



All Values in mg/1 except Coliforins in thousands/100 nl» 



TABLE NO ig 
SUMMARY OF STATISTICAL Al^ALYSIS 
EFFLUENT QUALITY 

V A LUES 

15%, 50% and 85% 
of time equal to or less than 



BOD5 mg/1 



Effluent 
From 

Septic Tank 

Filter Bed 1 

Filter Bed 2 

Filter Bed 3 
Filter Bed 4 
Filter Bed 5 
Filter Bed 6 







15% 






PERIOD 




I 


II 


III 


IV 


43.0 


58. Q 


53.0 


18.8 


- 


0.5 


0.8 


0.6 


1.2 


3.8 


0.9 


0.4 


1.2 


0.9 


0.9 


0.6 


- 


0.3 


2.0 


0.6 


1.2 


0.6 


0.6 


0.8 



2.7 1.1 



2.5 



1,7 







50% 






PERIOD 




I 


IX 


III 


IV 


86.0 


135 


110.0 


54.6 


» 


1.7 


2.7 


1.5 


2.9 


6.1 


2.9 


1.0 


3.2 


2.6 


2.7 


1.5 


- 


1.4 


4.1 


1.1 


2,8 


1.6 


1.9 


2.3 



Period I September 29, 1969 to July 23, 1970. 
Period II July 27, 1970 to March 2, 1971, 



85% 
PERIOD 
31 III 



7.0 


9.5 


9.4 


8.6 


8.1 


8.8 


- 


7.4 


8.5 


6.2 


4,3 


5.9 



IV 



170 310 230 159 

5.5 8.4 3.9 

2,3 

3.5 



2.0 
6.5 

17.5 



S,2 3.8 5.7 5.4 10.0 8.0 13.0 

Period III March 3, 1971 to Nov. 17, 1971. 
Period IV Nov. 18, 1971 to March 12, 1973. 






TJIBLE NO 19 
SUMMARY OF STATISTICAL ANALYSIS 
EFFLUENT QUALITY 

VALUES 

15%, 50% and 85% 
of time equal to or less than 



COD mg/1 











15% 








501 






851 


■i 






Effluent 




PERIOD 








PERIOD 






PEPaOD 








Froin 




1 


II 


III 


IV 


X 


WW 


III 


IV 


1 


II 


III 


IV 


I 


Saptic 


Tank 


82 


140 


110 


48.5 


180. 


245 


190 


126 


400 


435 


335 


327 




Filter 


Bed 1 


- 


19 


17 


<30 


- 


27 


25 


9.2 


« 


3t 


37 


30 


1 


Filter 


Bed 2 


21 


20 


18 


30 


11 


32 


30 


30 


53 


50 


53 


33 




Filter 


Bed 3 


21 


23 


18 


<30 


« 


37 


27 


10.0 


56 


59 


41 


29.0 




Filter 


Bed 4 


.- 


14 


11 


<30^ 


iia.;. 


22 


26 


6i 


- 


if 


35 


34 




Filter 


Bed 5 


22 


16 


12 


<3Q 


33 


26 


19 


<30 


48 


43 


32 


23 




Filter 


Bed 6 


26 


23 


1- 


<3Q 


«5 


39 


13 


<30 


78 


64 


44 


74 





Period I September 29, 1969 to July 23, 1970, 
Period II July 27, 1970 to March 2, 1971, 



Period III March 3, 1971 to Nov. 17, 1971. 
Period IV Nov. 18, 1971 to March 12, 1973, 



m--'^' ,;?PP 



Ip. ^•^i^S.rS." 



^=5^ 



TABLE KO 20 
SUMMARY OF STATISTICAL ANALYSIS 
EFFLUENT QUALITt 

VALUES 

15%, 50% and 85% 
of time equal to or less than 



Suspended Solids mg/1 







'' 




15% 








50% 






B5i 








Effluent 
From 


I 


PERIOD 
II III 


IV 


t 


II 


PERIOD 
III 


IV 


I 


PERIOD 

II 


III 


IV 




Septic 


Tank 


45.0 


2 8.0 


29.0 


IB. 4 


72.0 


65.0 


64.0 


43.8 


120.0 


154 


142 


104 


1 


Filter 


Bed 1 


- 


<1.0 


<lpO 


0.4 


_, 


<1,0 


<1,0 


l.i 


- 


1.5 


1,5 


6,0 


m. 

H 

1 


Filter 


Bed 2 


<1.0' 


<1.0 


<1.0 


<1.0 


1,0 


<1,0 


1.0 


2,4 


5.0 


3.5 


7,0 


8.1 


1 


Filter 


Bed 3 


<1.0 


<1.0 


<1.0 


0,8 


<1.0 


i,i 


<1.0 


2,6 


3.5 


2.4 


2,9 


8,2 




Filter 


Bed 4 


» 


<1.0 


1.5 


0.6 


m 


1.0 


3.1 


2.4 


« 


1,6 


6.5 


9.5 




Filter 


Bed 5 


<i.i 


l..i 


<1.0 


2,3 


liS 


1,0 


<1.0 


5.2 


1.2 


1.7 


1.8 


10.0 




Filter 


Bed 6 


1.8 


1.0 


1,5 


3.1 


t.l 


2.3 


3.7 


9.4 


10,5 


7,6 


9 , 1 


28.0 





Period I September 29, 1969 to July 23, 1970. 
Period II July 27, 1970 to March 2, 1971, 



Period III March 3, 1971 to Nov. 17, 1971 « 
Period IV Nov. 18, 1971 to March 12, 1973. 
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TABLE NO 2 1 
SUJOIAEY OF STATISTICAL ANALYSIS 
IFFLOENT QimLITY 

VALUES 

15%, 50% and 851 
of time equal to or less than 



Volatile Suspended Solids mg/1 



Effluent 




PERIOD 


From 




X 


II 


III ■ IV 


Septic 


Tank 


- 


9.5 


25.0 


Filter 


Bed 1 


- 


<1.0 


<1.0 


Filter 


Bed 2 


- 


<1.0 


<1.0 


Filter 


Bed 3 


- 


<1,0 


<1.0 


Filter 


Bed 4 


- 


< 1.0 


1.0 


Filter 


Bed 5 


- 


< 1.0 


< l.Q 


Filter 


Bed 6 


'^m- 


< 1. 


1»4 


Period 


I Septeinber 


29, 1969 


to July 23, 1970. 


Period 


il July 


27, 


1970 to 


March 2, 1971. 





50% 






PERIOD 




» 


III 


IV 


28.5 


57.0 




<1.0 


<1.0 




i,« 


<1, 




<1,0 


<1,0 




<1,0 


2.0 




<L,0 


<1,0 




tit 


3,7 





851 




PERIOD 




II 


III 


92.0 130 


<1,0 


1.4 


<1.0 


1.2 


1,5 


2.0 


<1.0 


3.9 


^1.0 


1.5 


4.3 


5,2 



Period III March 3, 1971 to Nov. 17, 1971. 
Period IV Nov. 18, 1971 to March 12, 1973. 



IV 
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TABLE NO 22 
SUMMARY OP STATTSTICAL ANALYSIS 
EFFLUENT QUALITY 

VALUES 

15%, 50% and 85% 

O'f time equal to or less than 



Free Aramonia N mg/l, 













15% 








50% 






851 




Effluent 

From 




1 


PERIOD 

II III 


IV 


I 


PERIOD 

II III 


IV 


I 


PERIOD 


III 


Septic 


Tank 


17.00 


14.3 


9.80 


5.33 


26.00 


23.00 


12.20 


12.20 


40.00 


37.00 


15,50 


Filter 


Bed 


1 


- 


H.D. 


N.D. 


0.015 


- 


0.06 


0.06 


0.06 


^ 


1.70 


1.50 


Filter 


Bed 


2 


4.0 


2.10 


N.D. 


0.03 


3,1 


3.30 


0.18 


D.15 


15.00 


9.40 


2.85 


Filter 


Bed 


3 


Oi.lO 


M.D. 


E.D. 


0.021 


0.10 


1.03 


N.D. 


0.115 


e.oo 


8.00 


6.20 


Filter 


Bed 


4 


- 


n.D. 


N.D. 


0.027 


^t 


N.D. 


0.01 


0,0 80 


- 


2,30 


1,50 


Filter 


Bed 


5 


01.30 


N.D. 


n.D. 


0.024 


4,00 


0.11 


N.D. 


0.18 


13.00 


5.60 


1.10 


Filter 


Bed 


6 


2,90 


2.70 


0,03 


0.873 


8.80 


4.90 


1.05 


1.68 


27.00 


8.80 


4.70 



IV 

27.9 
0.25 
0.79 
0.6 2 
0. 29 
1.40 
3.23 



Period I Septeiriber 29, 1969 to July 23, 1970. 

Period II July 27, 19 7 to March 2, 19 71. 



Period III March 3, 1971 to Nov. 17, 1971, 
Period IV Nov. 18, 1971 to March 12, 1973. 






TABLE NO 23 
SmWARY OF STATISTICAL ANALYSIS 
EFFLUENT QUALITY 

VALUES 

151, 50% and 851 
of time equal to or less than 



Organic N mg/l 







15% 








50% 






85% 


,*■ 






PERIOD 






- 


PERIOD 






PERIOD 




1 


II 


III 


IV 


■» 


m 


III 


IV 


I 


II 


III 


IV 


1.30 


o.io 


0.70 


* 


1,80 


um 


0.93 


i.K> 


2.50 


3.50 


1.23 


14 . 


iMt 


0.23 


. 28 


0.31 


- 


0.38 


0.38 


0.64 


•mtt 


0.62 


0.50 


1.2S 


0.30 


0.29 


. 28 


0»27 


0.52 


0,48 


0.39 


. 56 


0.88 


0.80 


0.55 


0.88 


Q , 17 


0,28 


0,28 


0.31 


0.35 


0,42 


0,40 


. 57 


0,76 


0.64 


0.57 


0,78 


"■ 


. 17 


0.44 


0.30 


IB 


0.31 


. 52 


0.50 


'm-" 


0.57 


0,60 


0.75 


0,17 


0.26 


0.32 


0.49 


0,42 


0.41 


0.39 


0.81 


1.05 


0.63 


0.48 


0.92 


Q,„ll 


0.29 


0.25 


- 


0.76 


0.48 


0.35 


0.44 


1,90 


0.80 


€.48 


6.64 



Effluent 
From 

Septic Tank 

Filter Bed 1 

Filter Bed 2 

Filter Bed 3 

Filter Bed 4 

Filter Bed 5 

Filter Bed 6 

Period I September 29, 1969 to July 23, 1970, 
Period II July 27, 1970 to March 2, 1971. 



Period III March 3, 1971 to Nov, 17, 1971, 
Period IV Nov. 18, 1971 to March 12, 1973 • 
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TABLE NO 2 4 
SUMMARY OF STATISTICAL ANALYSIS 
EFFLUENT QUALITY 

¥ A L 1 S 

15%, 50% and 851 
of time equal to or less than 



Nitrite H mg/1 







151 








501 






851 














PERIOD 






PERIOD 






PERIOD 










1 


11 


III 


J¥ 


I * 


IX 


III 


IV 


I 


II 




Ill 




IV 




0,001 


0,001 


0.001 


0,013 


0.001 


0.001 


0.001 


0.042 


, 015 


0,092 





,007 





.140 


1 


- 


0.020 


0.005 


0.015 


- 


0.170 


0.050 


0.017 


- 


1.00 





.53 





.019 


m 


0.160 


0,330 


0,014 


0.021 


o.ao 


0.052 


0.110 


0.027 


0.60 


0,66 





.87 


Q 


.036 


1 


0.190 


0.084 


0.003 


0.017 


0.60 


0.260 


0.032 


0.035 


1.90 


, 14 





.32 





,074 




- 


0,003 


0.012 


0.016 


- 


0.080 


0,021 


0.024 


^ 


1.80 





70 





,037 




Q.100 


0.03 


0.002 


0.025 


0.40 


0,140 


0,020 


0.051 


1.60 


. 73 


0. 


21 


0. 


10 i 




0.260 


0,180 


0,082 


0,032 


0,64 


0.390 


0,320 


0.15 


1.60 


0.85 


1. 


20 


0. 


69 





Iffluent 
From 

Septic faiik 

Filter Bed 1 

Filter Bed 2 

Filter Bed 3 

Filter Bed 4 

Filter Bed 5 

Filter Bed 6 

Period I Sept ember 29, 1969 to July 23, 1970. 
Period II July 27, 1970 to March 2, 1971, 



Period III March 3, 1971 to Nov, 17, 1971. 
Period IV Nov. 18, 1971 to March 12, 1973. 
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TABLE NO 25 
SUMMJmY OF STATISTICAL ANALYSIS 
EFFLUlliT QUALITl 

¥ A L U E S 

151, 50% and 85% 
of time equal to or lems than 



Nitrate N mg/1 











151 








501 






85% 








Effluent 




PERIOD 








PERIOD 






PERIOD 




f 


From 




I 


II 


III 


I¥ 


t 


11 


III 


I¥ 


1 


11 


III 


IV 


1 

m 


Septic 


Tanl 


0.1 


0.1 


0.1 


0,011 


0.1 


0,1 


0.1 


0,115 


1.0 


0.9 


3.7 


1.20 


Ml 
1 


Filter 


Bed 1 


"!■« 


20.0 


16 . 5 


11.4 


«! 


32.0 


25.0 


18,1 


■^ 


52.0 


38.0 


28,0 




Filter 


Bed 2 


12,0 


17.0 


13,0 


7.20 


19.0 


26.0 


23,5 


14.1 


28.0 


39.0 


43,0 


27.7 




Filter 


Bed 3 


19. Q 


20.0 


19.0 


12 . 3 


27,0 


32.0 


27,0 


18.9 


40 . 


52.0 


39,0 


28 . 9 




Filter 


Bei $ 


- 


29 . 


18,0 


11.9 


•^ 


40 . 


26,0 


17.6 


- 


66.0 


37.0 


26.0 




Filter 


Bed 5 


16,0 


19.0 


15.5 


10,3 


25.0 


31.0 


25,5 


17,0 


37.0 


50.0 


42.5 


28.2 




Filter 


Bed 6 


11.0 


9.6 


10.3 


4,41 


16 . 


21.0 


21.8 


10. f 


24.0 


45,0 


37,0 


27.1 





Period I Septeinber 29, 1969 to July 23, 1970, 
Period II July 27, 1970 to March 2, 1971. 



Period III March 3, 1971 to Nov. 17, 1971,. 
Period IV Hov-, 18, 1971 to March 12, 197 3 « 
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TABLE NO 2 6 
fiOMMARY OF STATISTICAL ANALYSIS 
EFFLUENT QUALITY 

¥ A L U E S' 

151 r 50% and 85% 
of time equal to or less than 



Phosphorus (P) mg/1 













15% 








50% 






85% 








Effluent 
From 




r 


II 


PERIOD 

III 


IV 


I 


II 


PERIOD 
III 


ly 


i 


PERIOD 

II III 


3M 




Septic 


Tank 


l.i 


3.6 


4.8 


2.0 


12.1 


13.5 


7.9 


4,9 


22 . 2 


21,5 


13.4 


12,0 


f 


Filter 


Bed 


1 


- 


1.2 


1.1 


. 8 


l4: 


1.6 


1.8 


1.7 


<•■: 


2,4 


2,7 


3.1 




Filter 


Bed 


2 


5.9 


8.2 


3,0 


2,2 


9.8 


10.8 


5,2 


3.6 


16.3 


14.4 


8,8 


5.8 




niter 


Bed 


3 


8.2 


8.2 


4.1 


2,6 


11.4 


12,1 


5.7 


4.2 


16.3 


17.6 


8,2 


6.8 




Filter 


Bed 


4 


- 


7.0 


4.2 


2.7 


« 


9.1 


4.6 


4.1 


^ 


11.9 


5,1 


6.4 




Filter 


Bed 


5 


6,5 


8.3 


4.7 


2.7 


9 , 8 


11.7 


6.4 


4.3 


5.3 


17.3 


8.5 


6.8 




Filter 


Bed 


6 


7,5 


7.5 


4.1 


2.7 


10.8 


11.9 


6.0 


4.7 


15,7 


18.9 


9.1 


8.2 





Period I Septr-mber 29, 1969 to July 23, 1970, 
Period II July 27, 197 to March 2, 1971, 



Period III March 3, 1971 to Nov. 17, 1971. 
Period IV No\^. 18, 1971 to March 12, 197 3, 



Effluent 
From 



Septic Tank 
Filter Bed 1 
Filter Bed 2 
Filter Bed 3 
Filter Bed 4 
Filter Bed 5 
Filter Bed 6 



15% 
PERIOD 

II III 



TABLE NO 27 
SUMMARY OF BTATISTICM. ANALYSIS 
IFFLUENT QUALITY 

VALUES 

15%, 50% and 85% 
of time equal to or less than 



50% 
PERIOD 
II III 



10 



29 
29 
31 
27 
30 
31 



iir 



2,20 5.00 

0.28 

0.20 0.33 
0.27 0.36 
. 30 
0,24 0.30 
. 31 . 36 

Period I ieptember 29, 1969 to July 23, 1970. 
Period II July 27, 1970 to March 2, 1971. 



1,52 
0.08 
0.14 
0.09 

0,16 

. 11 



1 
3 . 30 

0,54 
0.48 

. 50 
QmSS 



7,60 
0,47 
0.64 
0.66 

a, 45 

0.50 
, 61 



5,80 
0,43 
0.43 
0.47 
0,39 
0.44 
0.58 



IV 

3.47 
. 16 
0,16 
0.16 

0.17 
0.31 



MBAS mg/1 



85% 
PERIOD 

I II III IV 

5.00 11.80 10,90 7.92 

0.79 0.62 0,29 

1.50 1,25 0.65 0.19 

0.86 1.20 0.72 0.31 

0,65 0.55 

1.00 0,84 0.63 0.19 

0.96 1.00 1,10 0.55 



Period III March 3, 1971 to Nov. 17, 1171, 
Period IV Nov, 18, 1971 to March 12, 1973. 



m 

00 
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TABLE NO 2 8 
SUMMARY OF STATISTICAL ANALySIS 
EFFLUENT QUALITY 

V A L U E S 

15%, 50% and 85% 
of time equal to or less than 



Total Solids mg/1 











15% 




Effluent 




] 


PERIOD 




From 




1 


II 


III 


I¥ 


Septic 


Tank 


iii 


520 


590 


595 


Filter 


Bed 1 


- 


640 


680 


682 


Filter 


Bed 2 


630 


600 


620 


619 


Filter 


Bed 3 


600 


580 


640 




Filter 


Bed 4 


^ 


650 


690 


685 


Filter 


Bed 5 


620 


620 


665 


649 


Filter 


Bed 6 


540 


545 


580 


618 



1 

660 

730 
720 

715 
660 



Period I September 29, 1969 to July 23, 1970. 
Period II July 27, 1970 to March 2, 19 71. 



50% 
PERIOD 
II III 



580 
700 
740 
660 
730 
720 



682 
750 
730 
720 
770 
720 



IV 

808 
780 

819 
776 





85% 








PERIOD 




i 


II 


III 


I\" 


790 


66 


790 


939 


um. 


780 


82 


9 56 


880 


900 


870 


1,028 


880 


760 


790 




<^ 


820 


850 


979 


880 


840 


770 


928 



620 660 752 800 715 760 915 
Period III March 3, 1971 to Nov. 17, 1971, 
Period IV Nov. 18, 1971 to March 12, 197 3. 






TABLE KG 2 9 
SOMMARY OF STATISTICAL ANALYSIS 

EFFLUENT QUALITY Total Coliforms in 103 per 100 ml 

¥ A L U E S 

15%, 50% and 85% 
of tinie equal to or less than 











15% 








50% 






851 








Effluent 
From 


1^ 


PERIOD 
K III 


IV 


1 


II 


PERIOD 
III 


I¥ 


I 


PERIOD 

II III 


1¥ 


i 


Septic 


Tank 


7400 


2100 


2550 


2185 


8000 


9100 


21500 


7636 


8000 


42000 


80 000 


26685 


.1 


Filter 


Bed 1 


- 


0.06 


0.14 


0.38 


mm: 


0.71 


34 


4.74 


-> 


8 


840 


59 




Filter 


Bed 2 


0.66 


0.40 


0,10 


0.62 


90 


10 


10 


10,9 


6 00 


110 


970 


191 




Filter 


Bed 3 


0.52 


0.95 


0.67 


13.7 


35 


30 


46 


226 


2000 


900 


3100 


3724 




Filter 


Bed 4 


- 


0,04 


0.37 


0.340 


- 


1.45 


5.0 


10.7 


^ 


60 


68 


336 




Filter 


Bed 5 


0.34 


0.19 


0.63 


35 


40 


6.60 


57 


575 


4300 


250 


5200 


9430 




Filter 


Bed 6 


10.00 


0.88 


3.50 


210 


540 


if 


Is 


1891 


8000 


6000 


13000 


17051 





Period I Septeittber 29, 1969 to July 23, 1970. 
Period II July 27, 1970 to March 2, 1971. 



Period III March 3, 1971 to Nov, 17, 1971. 
Period IV Nov. 18, 1971 to March 12, 1973. 
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TABLE NO 30 
SUMMARY OF STATISTICAL ANALYSIS 
EFFLUENT QUALITY 

VALUES 



Fecal Coliformg in 10 ^ per 100 ml 



15%, 50% and 85% 
of time equal to or less than 













15% 








50% 






85% 








Effluent 






PERIOD 






PERIOD 






PERIOD 






f 


From 






w 


II 


III 


IV 


X 


II 


III 


IV 


I 


xt 


III 


TW 


ft 


Septic 


Tank 


250 


730 


500 


302 


800 


2200 


2600 


1047 


800 


6 600 


8000 


3622 


1 


Filter 


Bed 


1 


^ 


0,03 


0,01 


0.25 


■■)! 


0.29 


3.20 


0,66 


- 


4.20 


90 


1. 80 




Filter 


Bed 


2 


0,06 


0.20 


0.05 


0,36 


10 


3.50 


1,85 


2.05 


160 


6,D.p 


72 


11.6 




Filter 


Bed 


3 


, 18 


0.27 


0,07 


1.97 


4.40 


6.20 


4.40 


27.1 


100 


40 


270 


312 




Filter 


Bed 


4 


- 


0.004 


0.05 


0.39 


s« 


0,29 


0.43 


1,71 


- 


10.00 


3.5 


7.5 




Filter 


Bed 


5 


0.13 


0.09 


0.07 


6.64 


7.00 


3.00 


6.50 


73.2 


450, 0'Q 


100.00 


600 


807 




Filter 


Bed 


6 


2.20 


0.70 


0.93 


33,2 


38.00 


31.00 


36.00 


241 


i40 


1500 


1400 


1757 





Period I SeptEiiiaber 29, 1969 to July 23, 1970. 
Period II July 27, 1970 to March 1, 1971, 



Period III March 3, 1971 to Nov. 17, 1971 
Period IV Nov. 18, 1971 to March 12, 1973 
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TABLE NO. 31 
EFFLUENT QUALITY 

STATISTICAL ANALYSIS 

Filter Bed No, / 

Sand with Red Mud 



Medium Sand 
Dio =0.24 mm 



Julv 27, 1970 to March 12, 1973 ^ = ^ q 







Number 






of 






Tests 


BOD 




IIM 


COD 




118 


Suspended Solids 


119 


Total Solids 


120 


Free Ammonia (N) 


128 


Organic 


(N) 


129 


Nitrite 


(N) 


128 


Nitrate 


(N) 


128. 


MBAS 




129 


Total 






Phosphorus (P) 


129 


Total Coliform 


133 


Fecal Coliform 


133' 



VALUES 
Percent of time equal to or less than 
lit 50% 85% 



0. 


,06 


IS 


K5 


0, 


6 


660 


0. 


,01 


0. 


,73 


0. 


.005 


13.4 


0. 


,12 


0. 


,99 


0. 


,07 


0. 


023 



1, 


J 


28 


1 


1. 


5 


771 


0. 


09 


0. 


44 


0. 


032 


22 


M 


0. 


25 


1. 


6 


3. 


92 


0. 


601 



6.4 


40 


3.6 


902 


0.73 


0.85 


0.216 


36.4 


0.53 


2.7 


219 


15.62 



* All values except coliforms in mg/1 
Coliforms in thousands/100 ml. 
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TABLE NO. 32 
EFFLUENT QUALITY 

STATISTICAL ANALYSIS 

Filter Bed No. 2 

Sept. 28, 1969 to March 12, 1973 



Block Sand 
^10 ~ 0.30 mm 



C = 4 1 





Number 

of 
Tests 


Percent 
15% 


VALUES 

of time equal 

50% 


to or 

85% 


BOD 


174 


0.7 




2.4 


8,0 


COD 


178 


20 




11 


50 


Suspended Solids 


181 


0.7 




1.7 


4.9 


Total Solids 


181 


600 




751 


941 


Free Ammonia (N) 


182 


0.06 




0.74 




Organic (N) 


181 


0.23 




0.46 


0.92 


Nitrite (N) 


181 


0.016 




0.107 


0.711 


Nitrate (N) 


183 


6.4 




16*0 


40.2 


MBAS 


170 


0.14 




0.35 


0,92 


Total 












Phosphorus (P) 


180 


2.9 




5.8 


11.8 


Total Coliform 


188 


0.52 




15.1 


437.5 


Fecal Coliform 


184 


0.35 




2.98 


25.6 



* All values except coliforms in mg/l 
Conforms in thousands/100 ml. 
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TABLE NO. 33 
EFFLUENT QUALITY 

STATISTICAL ANALYSIS 
Filter Bed No, 3 

Sept. 28, 1969 to March 12, 1973 



Foundry Slag 
D]^Q = 0,60 mm 
Cy == 2.7 





Number 




of 




Testa 


BOD 


175 


COD 


178 


Suspended Solids 


176 


Total Solids 


180 


Free Ammonia (N) 


181 


Organic (N) 


178 


Nitrite (N) 


181 


Nitrate (N) 


183 


MBAS 


171 


Total 




Phosphorus (P) 


178 


Total Coliform 


186 , 


Fecal Coliform 


186 



VALUES 
Percent of time equal to or less than 
15% 50% 85% 



0, 


,8 


20 


0, 


,7 


569 


N, 


.D. 


0. 


.25 


0. 


,009 


8. 


,4 


0. 


,14 


3. 


,5 


2. 


,59 


1, 


,04 



2.3 

32 

1.9 

704 

0.27 

0.46q 

0.081 

19.9 

0.34q 

7.0 

67.78 

9.01 



6,6 

50 

5.0 

872 

5.12 

0.87 

0.70 

47.2 

0.78 

14.0 
1776 
78.0 



* All values except coliforms in mg/1 
Conforms in thousands/100 ml. 
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TABLE NO- 34 
EFFLUENT QUALITY 

STATISTICAL ANALYSIS 

Filter Bed No. 4 

27, 1970 to March 12, 1973 



Medium Sand 
DlO =0.24 vm 



u 



= 3.9 



Number 

of 
Tests 



BOD 8 4 

COD 82 

Suspended Solids 84 



Total Solids 



89 



Free Aitntioiiia (N) 89 



Organic 


(N) 


86 


Nitrite 


(N) 


87 


Nitrate 


(N) 


89 


MBAS 




88 


Total 






Phosphi 


or us (P) 


87 


Total Coliform 


9:4 


Fecal Coliform 


94 



VALUES 
Percent of time equal to or less than 
15% 501 8 5% 



0. 


,6 


72 


0. 


,7 


6 72 


0. 


01 


0. 


25 


0. 


007 


1j 


1.2 


0. 


10 


2. 


B 


0. 


339 


0. 


06 



1. 


3 


2£ 


t 


2. 


3 


793 


0. 


08 


0. 


43 


0. 


032 


21 


.,7 


0. 


20 


4. 


8 


17 


.67 


1. 


54 



3,1 


35 


7.8 


936 


0.50 


0.75 


0.143 


35,6 


0.40 


8.0 


920.6 


39.3 



All values except coliforms in mg/l 
Coliforms in thousands/100 ml. 
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TABLE NO. 35 
EFFLUENT QUALITY 

STATISTICAL ANALYSIS 

Filter Bed No. 5 

Sept. 28, 1969 to March 12, 1973 



Fine Gravel with Sand 
Dj^Q = 1.00 Kim 



Number VALUES 

of Percent of time equal to or less than 
Tests 15% ifi 85% 



BOD 174 

COD 169 

Suspended Solids 173 

Total Solids 178 

Free Ammonia (N) 178 



Organic (N) 


176 


Nitrite (N) 


175 


Nitrate (N) 


170 


MBAS 


164 


Total 




Phosphorus (P) 


176 


Total Coliform 


185 


Fecal Coliform 


181 



0.80 


2.4 


6.9 


17 


28 


44 


0.9 


2.4 


6.5 


582 


721 


892 


0.017 


0.324 


6.23 


0.23 


0.53 


1.12 


0.011 


0.082 


0.604 


12.4 


21.6 


37.5 


0.15 


0.34 


0.74 


3..,1 


7.6 


15.8 


2,17 


85,23 


33.51 


0.675 


12.957 


248.68 



* All values except coliforms in mg/1 
Coli forms in thousands/100 ml. 
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TABLE NO. 36 
EFFLUENT QUALITY 

STATISTICAL ANALYSIS 

Filter Bed No. 6 

wSept. 28, 1969 to March 12, 1973 



DiQ= 2.50 vxrx 
% ^1.2 







Number 

of 
Tests 


Percent 
15% 


VALUES 

of time equal 

50?; 


to or 
85% 


BOD 




170 


»»1 




5.8 


15.7 


COD 




16 5 


22 




m 


m. 


Suspended Solids 


170 


t.l 




5.7 


15.4 


Total Solids 


175 


550 




673 


825 


Free Ammonia (N) 


177 


0.34 




2,29 


15,27 


Organic 


(N) 


169 


0.28 




0.68 


1.63 


Nitrite 


(N) 


175 


0.065 




0,280 


1.213 


Nitrate 


(N) 


176 


4.4 




12.9 


37.4 


MBAS 




16 8 


0.20 




0.48 


1.14 


Total 














Phosphorus (P) 


173 


3.1 




5.8 


11.0 


Total Coliform 


184 


25,48 




502.9 


9924 


Fecal Coliform 


182 


4.36 




65.5 


984.9 



tan 



* All values except coliforms in mg/1 
Goliforms in thousands/100 ml. 
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TABLE NO. 37 
EFFLUENT QUALITY 

STATISTICAL ANALYSIS 

Septic Tank 
Sept. 28, 1969 to March 12, 1973 



, ' ■ 


Number 




of 




Tests 


BOD 


174 


COD 


190 


Suspended Solids 


173 


Total Solids 


192 


Free Ammonia (N) 


193 


Organic (N) 


193 


Nitrite (N) 


182 


Nitrate (N) 


186 


MBAS 


173 


Total 




Phosphorus (P) 


171 


Total Coliform 


185 


Fecal Coliform 


185 



VALUES 
Percent of time equal to or less than 
Ail 50% 85% 



29.9 
85.6 
29.5 
516 

7,1 

0.82 

0.001 

0.072 

1.97 



77.6 

171 

54.7 

650 

10.7 

1.98 

0.006 

0.197 

4.28 



202 

342 

101.5 

818 

35.3 

4.79 

0.050 

0.543 

9,31 



3.4 7,6 16.7 
2,47 X 103 8.86x103 317 x 103 
301 1047 3836 



All values except coliforms in mg/1 
Coliforms in thousands/100 ml. 
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APPENDIX I 

ANALYSIS OF RED MUD SAMPLES 
(June 11, 1970) 
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AIT'EMDE? I 



Analyses O'f Red Mud Samples 

(June 11, 1970) 
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APreicix II 

LOCATION AID' DETAILS OF PLLOT PLANT 



■# ■ ' - ' ' '" \ 



v-^Tj./ ' i«- ,<5"', 










No.l 



No. 2 



^ 



Nq.3 No. 4 No. 5 No.6 



7.0 11.3 j/llt 22.9 1 ,9.4 I BS.O . > 



FT 




v^ 



/ 



30.3 




19.5 . 12.8 



n 




MINISTRY OF THE ENVIRONMENT 



HOUSE 
No. 8 



HOUSE HOUSE HOUSE MOUSE HOUSE HOUSE HOUSE 



No. 7 




30.9 



IS.ll 



< 
O 



tr 
o 

t- 
o 



IS.4 



TO ONTARIO 
HOSPITAL 



•-r— — — (> M. ._ 

•2 ■ M.H.S li.H.4 



♦ 



7.3 



M-W.2 ■ M.H.S 

HOSPITAL ROAD 



'M.H.S 



::i--^ 



POLLUTION CONTROL PLANNING BRANCH 



WHITBY EXPERIMENTAL STATION 
UNDERDRAINED FILTERS 



GENERAL PLAN 



OCT 1974 



FIG. No. I 



EXPERIMENTAL STATION CONTROL 



I FILTER rByiLDlNQ (SEE ^18. 3 AND FI3. 4 

I BEOS 1 , ,7 7 




51.7 



^ 1 FIL TEii 

BEOS 



V 



TILE 



F1ELD"7 

! 1 ! I 



-^ 



2G0MPfiRTMENT_ 
TANK a 
iAilBER__ 



SEPTIC Ti 

pypp CH^ 



• I I 
III 
III 



-VvV vol 



V 



1 ill 



Mi.H. e 



OISTRIBUTION CHAMBER 
FARM ROAD 



-f 



LEGEND 



W.H. MANHOLE 

■— — — SiWiR LINE 



NOTiEt 



NOT TO SCALE 



ALL MEASUREMENTS IN METIIES 



■-^^;%... 



-ff.^KTE" ^^ 






.. -^r-r^^nKT^ ■, - T^ JJJfJTlB^^-f- ia- 



***-'*^* *V:ffifl^,^ 



■-,*■':,- V-ii " ^•'•^«i,-s^i? 



,i*h 



-■^i^ 



364 




130 




•{ 

III 

|L. 
ft:. 



FILJER^ _BEDS 
' COUL 






DISTFtmyTER 



rF--~* 



:\r:i 



::;L__ ^^^^ 



If 

It 






305 



NOT TO SCALE 

«LL MiASiiiKMDrrs MCEirnMifiiei 



WNifHIY or T»ff INVimiMBNI 



POLLUTION COMTNOL PLANNING ■MUCH 



mwtwr Dtft wii H i fi M. STiiiiiii 

UNOiliaiAlNID ^lOllll 



PLAN OF TREJriiENT PLAIfT 

r 



OCT. 1S74 



■FtG.2 



00 



■'"f^X'-^i^fp^;. 



■"■* ■*''- ---■"•«-- 'fe../» 



.li^/3l^ r.^(jj^'jp ^ _,, 



■■^m^^icd ■-■* 



-^,^^ 



..L,l^B^ 



'W^" 



MiNlSTRV 0* '*« ESVi *^yfJiT 



POLVJTloli CONTTtOi. •L*«Hl'*l& B1*«tC»< 



WHITBY EVPtHMtHJAL S^^AT ON ! 
UNDERaftAlNED F:L-t«S 



SECTION A- A 
THROUGH TfSATMENT PLANT 




COUfCTOn HIWET 



":«^-' 



r^- ;-?^. 



LE6END 

* I* I OlSTRiaUTION • HCTCniM Titms 
IMC- HOLDMS T«MKS 



HiMSTmr OF tp4£ EwvmefgwT 



P9LLUTKM COMTWiL »t«HMMC 



•HiTBY ExPCmwEwnu. sT4Tta« 

UNOEHiDRAlNED Fn.TEHS 



SBCTION B-B 
THROUGH TREATMENT PLANT 




,1 



30 






■.-■■■' j?^^JteaEa«M:.J"13BIEL»^a 



'; ■ t'' •»; * ' S^--,,^ . 



- 88 « 







i" 










" 


1 r 


1 1 


- 












i 


DISTRIBUTERS 










^'^'' '• 




















L- 


J L, 


i L 


_ 














1 

:^ 60.9 ^ ^ 121.9 


^ 121.9 


^ SO. 9 ^ 


[^ ' 


,1 








^ 365.6 


' ( 








i 


i 


1 


a 












-■ 




' 






1 

1 II 1 


- 




i 








y CpLLECTO 






1, 




SS "~"'"'"'«^»^ 


^ 












i 
i 












' 


r 




ii • 


• 




i 


^ 91.4 


^ l^.i 


^91.4 J 












-1 






^^ 



TYPICAL DISTRIiUTER 
LAYOUT 



2cm PLYWOOD FRAME 



NOTi : 

Umm SIDE- All pp«tlOcm 

ABS Tridon , Iperforow 
pipt intidt fhm bed's 

SCIJTH SIDE- All pipes Scm 

Domtar, Cptrforated pip 
jniidi thf btdf). 



TYPICAL COLLECTOR 
LAYOUT 



tern PLYWOOD FRAME 



- MOT TO SCALE 

- ALL MEASUREMENTS 

IN CENTIMETRES 



MINISTRY OF THE ENVIRONMENT 



POLLUTIdM CONTROI. PLANNING BRANCH 



WHITBY EXPCRIMENTAL STATION 
UNOERDRAINED FILTERS 



DISTRIBUTER AND GOLLECTC? 
LAYOUT PLAN 



0CT,»74 



rm. s 



SWff-'' 



r'xjt^ ^- 'ST^ ■"• f^ ^WT^/'y^ ^^~ a ■'T'P^^'f ^igr'^TP"'?^^* -'^^MW-"^^' 



^n> 



TO 








782. 







I — \ ^ 


















# • 

14, 

. « 

i - 


f 




39. 








*• 
* 














- « 

■ 

* ■ 

■ 

• 

* ■ 

■ 4 
. » 

i.' 




I 








. 


: _*-4-,».., 


e 


F ' ' ' ■ 


■ . * ■ r 


'■• . 


:'•-■.' 


» ' 




■ >l . 




. i 


PUMP 
CHAMBER 








V ■ 


- 

d 

lO 


i 


SECOND 
GOMPARTMENT 


« . 

A- • 

« ■ 

- J 
■ 1 




a 

S PiRST 

COMPARTMENT 




"L 




VOLUME! 
^ 2640 1. 


m 

1 


, 


1^^ 


^ 






1 

.1 




\. 


■ 1 




* ". 






"0 


VOLUME 1 
634 1. 

■ 


DISTRIBUTION 


J 


/ 








■ * 

■• •• 

■« '. 


<. iM.jr^f^ ^ 


CHAMBER 

104.x 104. 


13. 




350. 


*• 




• - 




. ft . . 4 - • . •:.■.»■•.-.#- . ■ - .^ . • 




13. 


120. 


ll 

13. 


260. 


IS. 






















■| 


Wil WIDTH = 200. Ci» 


NOT TO fCALE 




MINISTRY OF THE ENVIRONMENT 


POLLUTION CONTROL PLANNING BRANCH 


WHITBY EXPERIMENTAL STATION 
UNDERDRAINED FILTERS 


SEPTIC TANK ELEVATION 




--■ 




__ 


^^ 




,^1^^. 




ALL MEASUREMENTS IN CENTlMiTRES 








OCT 1974 j FIG. No. @ 






4 'm 



" \'-^ ,^^B*T^9^"^.lfj^?f5e^^V'^ 



w^ y^t 



OVERHEflD H0L0IN6 TANKS 



HAND OPEBftT EO V ALVES 
SHOWN THUS ^^ 



A£2 



g^h^L_|g^ 



Ml ASURIN6 AND DISTRiaurmS 
■ UCKETS A I TO 15 




FLOW 
REGULATING 

VA LV E 



SAM PL IN Q 






MINISTRY OF THE ENViRONMENT 



POLLUTION CONTROL PLANNING BRANCH 



TILE FIELD 



WHITBY EXPERIMENTAL STATIOM 
UNDERDRAINED FILTERS 



SCHEMATIC FLOW SHEET 



OCT. 1974 



Fli No 7 



'B«i. H* iSI't 



-91- 



APPENDIX III 



EFFECT OF RED MOD ON REMOVAL 
OF PHOSPHORUS FROM DOMESTIC SEWAGE 
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